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20. using a micro-processor-controlled diode matrix array. The matrix Al
detector senses an IR emitting diode which is Tocated on the miniature

target. The flight equations of motion for the missile are solved by .

a 16 bit microprocessor every 0.02 seconds in each axis using gunner -
aiming error, target position, gravity, drag and side thruster accelera-
tions as inputs. A second coordinated 16 bit processor controls a dis-
play that plots both vertical and horizontal aiming error for analysis

of the gunner's performance by an instructor. Experienced DRAGON gunners
have tested the system and attested to the realism and training potentia]T_”
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SUMMARY

’ The Simulated Tank and Anti-Armor Gunnery Systems (STAGS) is an

' electro-optic based, multiprocessor controlled, training device that
enables training of DRAGON gunners at a reasonable cost. In a short
period of time a gunner can be subjected to a variety of target scenarios
and his performance can be analyzed in real-time by an instructor. When
the trainee fires the training device he hears the initial explosion of
the rocket motor. He experiences a weight loss due to the simulated
rocket exiting the tube as well as a recoil force. Momentarily his view
in the sight is obscured by simulated smoke. The trainee must overcome
such launch transients and smoothly track the target and ignore the sim-

: ulated missile which he can see in his sight. Thruster rocket firing

! sounds are included as well as the final hit or ground impact explosions.

A visual indication of missile impact is also inserted into the gunners

sight.

During missile flight the instructor can monitor two displays. These
displays show:

(1) The gunner's sight picture, the DRAGON missile's location, and

(2) a plot of gunner aiming error versus time and the gunner error
tracking 1imit envelopes. Thruster firings are annotated on
the display.

i This system uses a 16 bit microprocessor to solve the flight equations
every 0.02 seconds in each axis using the gunner's aiming error, target
position, gravity, drag and thruster rocket acceleration as inputs. The
solution also incorporates the dynamic performance of the tracker.

A prototype model was constructed by the Advanced Simulations Concepts
i Laboratory, Naval Training Equipment Center, Orlando, Florida for the U.S.
Army Project Manager for Training Devices (PM TRADE) and the U.S. Marine

Corps.

, This model has been successfully evaluated by experienced DRAGON
t gunner teams from both the U.S. Army and U.S. Marine Corps.

; - Demonstrations and evaluations are planned during FY 82 using this
I - device. Expansion of the device to include TOW is also planned.

The PM TRADE Project Manager is A. Boudreaux. The authors wish to
thank him for the helpful assistance he gave during this program.
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SECTION I
INTRODUCTION

Training in the firing of modern anti-armor weapons is expensive. Each live
round costs thousands of dollars.

This report describes a system that uses advanced electro-optics and micro-
processor technology to enable training of DRAGON gunners at a reasonable
cost.

The DRAGON is a command-to-line~of-sight guided missile system. Fired from

a recoilless launcher, the missile is tracked optically and guided automat-
ically to the target by electrical impulses transmitted via a wire link.
Firing the DRAGON missile is accomplished by depressing the safety and squeez-
ing the trigger. No other action is required of the gunner except to keep the
sight cross hairs on the target. However, to score a hit the trainee must
overcome many perturbations that can spoil his track.

When the trainee fires the training device he hears the initial explosion of
the rocket motor. He experiences a simutated weight loss due to the rocket
exiting the tube as well as a recoil force. Momentarily he is blinded in

the sight by simulated smoke. The trainee must overcome such launch transients.
He must smoothly track the target and ignore the simulated missile which he

can see in his sight. Thruster rocket firing sounds are included as well as

the final hit or ground impact explosions. A visual indication of hit is also
inserted into the gunne-s sight.

During missile flight the instructor can monitor two displays. These displays
show:

(1) The gunner's sight picture and the DRAGON's location.

(2) Plots of gunner aiming error in azimuth and elevation versus time and
the gunner error tracking limit envelopes. Thruster firings are annotated on
the display and the number of thruster firings, actual versus ideal are recorded. :

(3) The instructor can recall four additional plots after the mission is
over: gunner aiming error and missile location in azimuth versus time; gunner
aiming error and missile location in elevation versus time.

This system uses a 16 bit microprocessor to solve the flight equations every
0.02 seconds in each axis using the gunner's aiming error, target position,
gravity, drag and thruster rocket acceleration as inputs. The solution also
incorporates the dynamic performance of the DRAGON tracker.

Key features of the system are summarized below.

Target hit or miss determined by solving DRAGON flight equations
in real time

Smoke obscuration

2T e et St A KRN oM mﬂ.‘m




Recoil
Weight Loss

Missile superimposed on gunner's view of scenario

Sounds - thruster firing, launch, hit and miss explosions, gyro wind-up

Gunner aiming errors versus time displayed in real time

Missile position versus time which can be recalled along with gunner
aiming errors in azimuth and elevation for analysis

Expensive tank target and special range is not required for training

Number of thruster rocket firing's ideal versus actual displayed

Portable

Record and play back capability

Can operate with and without an instructor

Can be used to simulate night firings with a thermal sight

Gunner's pull down force on DRAGON launcher, and eye piece pressure
is indicated

Variety of target speeds and motions simulated

Trainer flies like real missile because of computation of flight
parameters

Photographs of the system are shown in Figure I-1 through I-4 and illustrate
the student station, instructors console, and the terrain board.
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SECTION II
SYSTEM DESCRIPTION
The system block diagram i< <hown in Figure II-1.

Targets in this system are 1/120 minature models. Model targets were
chosen because they have better resolution than either computer generated
imagery or a movie display. DRAGON utilizes a 6X sighting scope. In other
weapons even higher power sighting scopes are utilized, thus demanding a high
resolution visual scenario.

Models are moved on a terrain board using a stepper motor under the con-
t -0l of a single chip microprocessor. The engagement scenario is stored in
t1e Personnel Interface Processor (PIP) and is selected on the instructor's
console by an input terminal. The stored scenarioc program contains the tank
target's velocities, directions and range. Scenario data are provided to the
ORAGON Flight Simulator Processor (DFS). At the center of mass of the scaled
target is an Infrared Emitting Diode (IRED). Located in the DRAGON launch tube
is a photo diode array camera to sense the IRED. The IRED is invisible to the
human eye. This 100 x 100 matrix camera is boresighted to the gunner's sight
telescope and used to determine the gunner's aiming error (GAE) which is input
to the DRAGON Flight Simulator processor. This processor solves the DRAGON
flight equations and provides DRAGON status to the Personnel Interface Processor
(PIP). The PIP controls the graphics units which inserts the missile, smoke,
explosion, etc., into the gunner's sight. This processor also controls the
Gunner Aiming Error (GAE) display on the Instructor's Console. This display
plots GAE versus time, in real time. The DRAGON Flight Simulator Processor
produces launch and target explosions, thruster rocket firings and gyro noises.
The thruster rocket firings are delayed to allow for the speed of sound versus
the visual phenomena of the rocket firing which is optically inserted in the
DRAGON qunner's sight. Rocket thruster noises are attenuated as a function of
distance.

A closed circuit TV (CCTV) is located on the DRAGON tube and boresighted
to the gunner's 6X sight. The Gunner's Sight Picture Display is located on the
instructor's console. The DRAGON rocket as seen by the trainee is alsoc mixed
into the gunner's sight picture visual display.

An indicator on the instructor's console indicates the ammount of pulldown
pressure on the launcher tube. Automatic computer controlled boresight is also
incorporated.

Data print-outs for both a hit and miss training session are shown in
Figures II-2 and T1-3. Note that the rocket thruster firings are annotated on
the left hand margin with dashes indicating the firing of a thruster rocket
pair. Time between thruster firings are a function of the rate of change of
gunner aiming error.
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SECTION III
SYSTEM DESIGN

A. ETlectro-Optics Subsystem
In order to solve the DRAGON flight equations several input parameters are
required. These parameters are:

(a) trigger pull
(b) target position and range
(c) gunner aiming error

The STAGS measures the qunner aiming error with respect to a selected aim point
onh the miniature tank warget, using the electro-optics subsystem.

Gunner aimi~q errors are determined by sensing the IRED on the target using
a 100 x 100 m#t. ix so'id-state camera. The IRED is invisible to the human eye.

Solid-stat: .waging cameras are functionally similar to videcon type TV
cameras, bt with the added advantages of greater geometric accuracy, extended
spectral range, higher sensitivity and scan rates, digital output, small size,
Tow voltage and power requirements and the ruggedness and reliability of solid-
state de-ign.

The sensor is a solid-state photodiode array matrix having 10,000 pixels
(100 x 100). The choice of lens determines the field viewed by the matrix
camera. Using a 125 mm focal length lens and a target model distance of 22
feet, we have a field of view (FOV), of 1.05 feet or 48 milliradians. This FOV
will accommodate the maximum excursions allowed for DRAGON, i.e., 32 mr hori-
zontal and 22 mr vertical.

For a 1.05 ft FOV one pixel represents 0.126 inches on the terrain board.

Since the array is square the lengths in the X and Y axes are identical.
The magnification, M, of the camera is the ratio of the FOV to the length of
the array:

M- FOV
Array Length

where the array length is = 0.24 in. (0.60 cm total width/height) in both
X and Y.

M=_1.05x12 =525
0.24

The static resolution is the array element spacing imaged into the object
plane.

Resolution = Magnification x element spacing
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Resolution = 52.5 x .0024 in. = 0.126 inches

This is equivalent to + 7.5 in. resolution on a real world tank at the scaled
ranqe of 2,640 feet.

If a longer focal length lens is used the FOV is decreased and the resolution
is improved.

Accuracy also depends on: 1image sharpness, contrast, vibration or movement
of the object, light level and threshold setting of the camera.

The camera used is blemish free.

An IRED is located on the scaled model target and the center of the IRED's
energy is calculated to determine hit location.

Because the IRED produces uniform illumination, the threshold setting on
the camera can be adjusted to a fixed level, thus eliminating background inter-
ference.

The data from the photodiode array is electronically scanned to produce a
sampled-and-held video output signal. The amplitude of each pixel is propor-
tional to the incident Tight intensity integrated over the interval of one
frame period. The camera essentially detects light to dark transitions of
the digital area. The scene present on the camera is a light circle on a dark
background. Transition data from the camera, stored as a digital line-by-line
picture of the array, is handled by an interface unit. The DRAGON Flight Sim-
ulator Processor determines the GAE, from the transition data.

The electro-optic subsystem consists of the following equipments. (See
Figure III-1)

Reticon MC 520 Camera
Reticaon RS 520 Controller
Reticon RSB-6020 Interface Board

Nikon Zoom Lens (set at 125mm)

The RSB-6020 directly couples Reticon imaging cameras to Intel SBC/Multibus
systems.

16




MINIATURE TARGET

RETICON
NIKON RETICON INTERFACE
LENS CAMERA Pp*1 gOARD ‘
mc 520 RSB-6020
RETICON
CONTROLLER |
RS 520

FIGURE ITI-1 ELECTRO-OPTIC SUBSYSTEM BLOCK DIAGRAM

B. Multiprocessor Subsystem

MICRO-
PROCESSOR
COMPUTER
(DFS)

The multiprocessor subsystem includes six units with five being housed

in the system chassis.

is:
(a)
(b)
(c)
(d)
(e)
. (f)

Personnel Interface Processing (PIP)
DRAGON Flight Simulation (DFS)

Sound Generation (SG)

Target Control (TC)

TV Display (TVD)

Photodiode Array Processing (PAP)

The principal function of each of the separate units

System 1/0 is processed by the PIP, which is covered in the Computer Graphics
and Video Subsystem Section.

Target control is detailed in the section Miniature Target Board.

The present section provides a description of the DRAGON Flight Simulator
and the Photodiode Array Processor.

- > e .-
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1. DRAGON Flight Simulator

The McDonnell Douglas Astronautics Company, Titusville Division, under
Contract N61339-80-M-3518 provided a set of simplified equations and a computer
program that approximate the DRAGON missile flight as directed by the gunner.
(See Appendix A)

Six-degree-of-freedom equations are required to express the complete missile
dynamics. Solutions of such equations were examined and simplied as much as
possible by McDonnell while still maintaining a statistically accurate repre-
sentation of weapon performance. Some of the simplifying assumptions were:

(1) Missile dynamics should be represented by a point mass solution,
(2) Small angle approximations to be used,

(3) The effect of tracker sampling on missile trajectory while in the
linear field of view may be neglected.

The six-degree-of-freedom equations thus modified were exercised and compared to
results obtained from the compiete equations of motion. Modification to the
thrust level and guidance parameters were made to tailor the trajectory to the
more exact results. Sufficient comparative analysis was conducted to assure
that the simplified equations gave acceptable results over a range of crossing
and stationary target conditions and with a variety of gunner aiming errors.

Figure III-2 is the DRAGON simulation block diagram. The variables corres-
pond with those of Figure III-3 which defines the important horizental angles.
These, and a similar set of vertical angles, were used in the McDonnel "BASIC"
program which iterates the differential equations of motion using a "Delta Time"
of 20 milliseconds. Thus a 10 second missile flight requires the generation of
500 solutions of the equations of motion.

The BASIC program was rewritten for an Intel Microprocessor Development
(MDS) System (see Appendix A). The resulting program, while able to reproduce
the McDonnell results, required several minutes to complete the 500 solutions
for a simulated 10 second missile flight. It was, therefore, unsuitable for
real time training.

An investigation of other floating-point-math techniques usable with Intel
SBC-86/12, 8086, computers showed that real-time solutions of the missile
flight could not be accomplished without using an 8087 coprocessor. The unavail-
ability of the 8087 at that time made it ncessary to abandon the convenience of
FP-math and recast the equations using integer arithmetic. This required close

attention to the choice of suitable units for the variables because of the limited

[y

range of integer numbers: (-32,767, +32,767). Oown-range distances, for example,

are expressed in 2-inch units; 1000 meters (39,370 inches) being considered to be
19,685 "Down-range" units. Cross-range units are 0.05 inches for distances

and 0.1 milliradians for angles. Unit selection for all variables is a compro-
mise between the conflicting requirements of the desire to display variables over
a wide range and the need to reduce quantization distortion while not exceeding
the allowable integer range. Many comparisons between the integer and BASIC
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program results have verified that good approximations to the DRAGON Flight
characteristics are provided using integer arithmetic. Comments by experienced
DRAGON gunners also support the validity of the approximations.

The DRAGON Flight Simulation Program includes five modules:
(1) Main-DRAGON-Module: A "Driver” module which calls other modules.

(2) DRAGON-Utility: Includes a number of start-up and other general pro-
cedures.

(3) DRAGON Flight Module: Includes the integer math missile dynamics,
provides missile location information to the PIP, stores location data for
possible reprise, and does the initialization of flight variables.

(4) DRAGON IR: Analyses the IR-spot data array provided by the following
module.

(5) DRAGON XF: Transfers iine-by-line data provided by the photo-detector
1ine array processor into a complete picture array.

The first three modules are written in PLM 86; an Intel high level pro-
gramming language. The last two are in 8086 assembly lanquage. Total program
code require slightly over 4K of ROM memory. Variable memory requires about
1K of RAM. The above programs are in Appendix B.

As noted previously, the program is located on an Intel SBC 86/12 board.
This board, along with four others are housed in an Intel SBC 86/12 system chassis
which provides eight card slots, power supply and ventilation. Cards within the
chassis can communicate via the multibus motherboard. An SBC 86/12 provides
dual-port RAM which can be accessed by both the on-and-off board processors.
Missile position data resulting from the solution of the missile equations of
motion are transferred to the PIP via the multibus for further processing and
output. Data status bits are also read and written across the multibus as
required.

Target motion is provided by the TC unit as described in the section on
Miniature Modelboard. It is programmed via a stepper ravor cont-aller into
which the desired target maneuver is input from a suiieZ.2 menu :wvcated in
program memory of the PIP.  Target information neeae< by the DFS is trans-
ferred from the TC via the multibus.

The DFS also provides control signals to the sound generator for side-
thruster pops, launch and impact explosions. It also provides signals for
weight loss in response to trigger pull.

2. Photodiode Array Processor

Line scan data from the 100 x 100 photodiode array are initially stored
in a set of ping-pong memories on a Reticon RSB 6020 board housed within the
system chassis and attached to the multibus. Data are alternately read into
ping or pong memory under control of a clock located within the Reticon RS 520.
Data within the memory units give the location of light level transitions and
indicates light-dark or dark-1ight transitions. The stored data also indicates
when the last scan line is read.
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After initialization, a last-line flag is output across the muitibus to
the DFS whicn causes the DRAGON XF program to begin the transfer of data from
each line of the next 100 x 100 photodiode array frame to the SBC 86/12. The
data read-out is then halted by the next occurrence of the last-line flag. The
next 100 x 100 frame data are ignored during the analysis of the transferred
frame data. New frame data analysis results are provided every other frame.

The frame rate of the Reticon camera is 100 frames per second so new IR-
spot position data are provided 50 times a second or with a 20 millisecond
period. Occurrence of the last-line flag acts as the master system clock with
all data processing starting with its assertion.

Figure III-4 illustrates the various devices controlled by the multi-
processor subsystem.

An automatic zeroing method has been incorporated to ease day to day bore-
sighting of the gunner sight to the miniature targets. Zeroing is accomplished
by supporting the DRAGON launcher on its resting stand and aiming the scope
crosshairs at the desired aim point (Recoil and weight loss off). A Control B
(CTRL B) is input from the console and the DRAGON trigger is squeezed. The
computer will "read" the first frame of data from the Reticon 100 x 100 matrix
camera and use this aim point for its reference boresight.

Subsequent firing will use the new boresight until the zeroing procedure
is repeated or the computer is turned off.

C. Computer Graphics and Video Systems

The DRAGON computer graphic visual presentation is prepared by the Personnel
Interface Processor. In addition to this processor a computer graphics board, a
phase-locked-loop sync board, and an EIA composite sync generator are used. Figure
I11-5 shows the complete graphics and the video subsystem.

Computer generated graphics nrovide two major functions:

(1) Real-time video graphics are generated for the gunner sight. These
graphics include a simulated missile which include thruster firings, smoke
obscuration during initial launch and a final explosion.

(2) Real-time graphics are generated for the instructor which indicate both
vertical and horizontal gunner aiming errors. Also, for follow up analysis,
graphics may be presented for gunner aiming error versus time and missile position
versus time.

Gunner's sight real-time computer graphics are generated on a Matrox

256 x 256 x 4 graphics board. Sixteen levels of gray scale provide for a full
range of visual intensity which allows for smoke generation which varies from
fully transparent to completely opaque in sixteen levels. The Matrox RGB-256
is a graphics imaging system in which a complete gray scale capability has been
integrated onto a single printed circuit board. The card includes built-in
NTSC (American) and PAL (European) gray scale encoder which can provide up to
16 shades of gray. The encoders permit the RGB-256 to directly drive standard
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fow cost black and white TV monitors on a single 75 ohm cable. It features the
industry standard Intel Multibus which makes it directly plug compatible with
all Intel single board computers.

Real-time video graphics are generated by the Personnel Interface Processor
(PIP}. The PIP receives gunner aiming error information from the DRAGON Flight
Simulator (DFS) as well as missile angle from the line of sight of the gunner
to the missile position (angle £1 from Figure I1I-3). The gunner aiming error
is used to position the final explosion (hit or miss) in the DRAGON sight. The
anglte El is used to position the missile in the DRAGON sight.

Gunner Graphics:

DORAGON sight graphic missile simulation is accomplished by first deriving
the missile position from the Angle El.  Second, the size of the missile is
determined by the elapsed time since the missile launch. Third, the brilliance
of the missile is determined by the elapsed time since Jaunch and if a thruster
is being fired.

The size of the missile shrinks from 10 pixels down to 1 pixel from launch
to maximum range. The brilliance decays from a level of ten (with fifteen
being most brilliant) to a level of zero at minimum range.

An octagon was selected as the simulated missile shape as this can be
quickly calculated for reai-time graphics. This shape appears mostly as a
circular area to the DRAGON gunner.

Smoke is simulated in the DRAGON sight by modulating the background level,
i.e., overall gray scale setting of the entire graphic video insertion in the
gunner sight. It is possible to tell the RGB-256 graphics board to "erase" to
any given gray scale level between zero and fifteen, with zero being black
(transparent) in the qunner sight and fifteen being white (opaque). The levels
of background are modulated with time to effect a smoke simulation. A typical
smoke simulation might consist of starting from level zero rising to level fifteen,
dropping to level eight, back up to fifteen, down to four, up to eight and down
to zero during a period of one to two seconds.

The final explosion of the missile and/or tank is simulated at the end of
the DRAGON flight and inserted, via the RGB-256 graphics board, into the gunner
sight. The explosion is a Series of geometric star shapes indicating either a
hit or miss. The PIP uses the missile-to-aim-point information to position the
explosion wherever the missile was as it impacted the target or ground. A ground
explosion is similar to a target explosion; however, it differs by only exploding
in an upward sense. Thus the DRAGON gunner has visual feedback through his sight
indicating hit and miss. The computer generated graphics are passed directly to
the gunner's sight through a Hitachi VMI51A, one and a quarter inch, closed
circuit television (CCTV) monitor. The optical arrangement is shown in Figure
IT1-6. The television screen appears at infinity along with the viewed scene
through the 6x scope. The CCTV is mounted inside the DRAGON IR tracker housing
and electronics for the CCTV are located where the IR tracker electronics are
normally located at the bottom of the tracking head.
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Instructor Console Graphics

The instructor console graphics subsystem is composed of two units, a
television representatior of the gunner's sight picture and a graphical plot of
gunner aiming error versus time and/or gunner aiming error versus missile
position.

The television representation of the gunner's sight is accomplished by
mixing the gunner's sight TV camera, which is boresighted to the 6x gunner sight,
with the video graphics presented to the gunner's sight. The composite picture
presents to the instructor an image of the gunner's sight which includes the
target, rocket, smoke, crosshairs and final explosion.

The instructor's television representation of the DRAGON gunner's sight
picture and computer graphic missile, smoke, crosshairs and explosion simulation
is combined from three sources.

The model board target and terrain is looked at by a closed circuit %2le-
vision (CCTV) camera which is mounted outboard on the DRAGON launcher tube. This
camera is zeroed to the gunners 6x scope and has the same field of view as the
scope. The camera used is an RCA TC-2021/N with a NUVICON camera tube and a
135mm 3.5 still camera Tens. This camera was chosen for its small size and
Tow weight.

Secondly, a video mixer combines the CCTV image with the Matrox RGB-256
computer graphics. The comoination of CCTV video and computer graphics is then
a representative visual image of the gunner sight picture except for the cross-
hairs.

Crosshairs are added, to complete the instructor sight picture display, by
passing the video presentation through an electronic crosshair generator. The
crosshairs are adjustable in position and width.

The graphical plot of the gunner aiming error (GAE) versus time for both
horizontal and vertical error are presented in real-time during the missile
flight. The graphs indicate the actual gunner aiming error during the flight as
well as the limits for a 95% probability of hit performance. The guidance rocket
thruster firings are shown when they are fired as well as a final actual count
of the thrusters fired versus the ideal number of thrusters that would have been
fired for a given target distance with perfect aim. At the end of a flight,
displayed results show the miss distance, in feet, where the missile passed the .
target. If the missile struck the ground before passing the target, a message
is displayed stating "ground impact" as well as the remaining distance to the
target when grounded. If a hit is scored a hit message is displayed to mark
the event.

After a missile flight a reprise of the flight may be called. A horizontal
reprise replays the horizontal GAE and the horizontal missile position versus
time. Likewise the vertical reprise replays the vertical GAE and the vertical
missile position versus time. The reprises indicate all the hit/miss summaries
of the first real-time plot.
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Any of the computer graphic plots may be made into a hara-copy printout.
The hard-copy may include the gunner's name or other pertinent data as desired
bv the instructor.

The instructor's diagnostic graphs, keyboard controls and hard copy print-
outs are controlled by the PIP through an ADM-3 dumb terminal and Digital
Engineering Retrographics RG-512 graphic board and Digital Engineering GP-100
hard copy printer.

The operation of the Retro-Graphics equipped ADM-3A can be best understood
by considering the RG-512 card as the terminal controller and the ADM-3A as a
"peripheral” device. The RG-512 is situated in series between the ADM-3A and
the serial input to the terminal. This means that all incoming ASCII will be
received by the RG-512 and processed. Input to the termiral will only reach
the ADM-3A circuitry if it is transmitted there through the RG-512.

The RG-512 can perform several functions on the incoming data. The
function performed depends on the actual ASCII code received and the RG-512
operating mode. Data may be retransmitted to the ADM-3A as mentioned above if
the data were alphanumeric text. This is the usual function performed by the i
RG-512 when in the ADM-3A Alpha Mode. Certain control codes, called mode trans-
ition codes, can set the RG-512 to one of the two graphics modes, the Vector
Mode or the Point Mode. An additional alphanumerics mode, the 4010 Alpha Mode,
is included and can also be entered by sending the terminal the appropriate
mode transition code.

After entering one of the graphics modes, subsequent input it interpreted
as x-y coordinate data and is used in the generation of a point or vector display.
The RG-512 does not retransmit an ASCII code to the ADM-3A if it is being used
as an x-y coordinate.

The RG-512 emplioyes the "bit map" method of storing graphic images. This
means the information is stored in a digital memory as a rectangular array of
bits. Each bit in this memory is mapped onto the CRT screen and can cause a
bright point to be displayed. The RG-512 dispiays graphs and pictures by writing
the proper bits into the graphics memory. This architecture has several advantages
over the traditional storage tube approach which has dominated lower cost graphics
terminal designs. Since the CRT is not relied upon for storage of the image, less
expensive CRTs employing more conventional long Tife, brighter phosphors can be
used. Another important by-product is the ability to selectively erase portions
of the screen. This ic desirable if the application requires the use of dynamic

E - displays employing motion or rotation to convey information.

3 A11 circuitry for the RG-512 is packaged on a single 12" x 12.31" printed 4

5 circuit card. This circuitry consists of four functional elements: Z-80A /
microprocessor and control, 128,000 bit graphics RAM, raster synchronization "

j and CRT refresh, and power supply.

‘ The Z-80A microprocessor and control section performs command decoding and is '
' responsible for the writing of information into the graphics RAM. The Z-80A .
o automatically generates vectors from transmitted endpoints and also performs
scaling and character generating functions.
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The GP-100 Graphics-Printer is designed to interface with the Retro-Graphics
upgraded Lear Siegler ADM-3A (or 3A+) computer terminal.

As an optional feature to Retro-Graphics, Graphx-Printer reproduces the
terminal's displayed graphics {or alphanumerics) on hardcopy. The electro-
sensitive device is ideal in those computer graphics applications where clear,
economical printing is needed.

The GP-100's printing system is electrosensitive. This advanced technology
allows the GP-100 to quietly print the displayed graphics within 16 seconds and
alphanumerics at 170 lines per minute.

With the electrosensitive printing system all graphics and alphanumerics are
drawn by a durable printhead that produces dark, clear images with no distortion.
In other words, the high resolution graphics screen image is reproduced, dot-for-
dot, on hardcopy.

Additionally, paper is the printer’s only consumable. Typically an
8 1/2" x 11" hardcopy costs less than 3¢. Also, the paper can be photocopied,
and it will not fade or yellow with time.
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The electrosensitive paper is made from a base of black coated ordinary
bond paper deposited with a thin aluminum layer; this gives the unprinted paper -
a metallic appearance. During printing, an electric current flows through styli
that touch the aluminum. This action vaporizes the aluminum at the point of
contact and exposes the contrasting black under-layer to form the graphics or
character image.

The print head consists of 12 styli mounted one above the other as a unit.
This head is attached to a carriage which moves the styli from left to right
and maintains them in contact with the paper. The styli are pulsed electric-
ally while crossing the paper so that the required characters or graphics are
printed. During printing, each stylus burns a single dot in response to a
current pulse. At the end of the line, the carriage moves the head away from
the paper and returns to the left hand margin without touching the paper.

D. Computer Generated Sound System

Simulation of sounds produced during an actual DRAGON missile firing is
accomplished by interfacing an Intel 8748 microcomputer to a General Instrumerts
AY-3-8910 Programmable Sound Generator (PSG). Data necessary for the PSG to
reproduce sounds is acquired from the permanent memory of the microcomputer.
During missile flight time the DFS processor simply selects the sound to be
made and communicates its choice to the microcomputer. This approach allows
the processor to handle sound-making decisions with minimum time take from its
1 primary functions.

The choice of sounds available to the DFS processor are:
(1) Gyro wind-up
(2) Missile launch explosions

(3) Rocket thruster motor firing

(4) Target missed explosions

(5) Target hit explosions

The General Instruments Programmable Sound Generator (PSG) is a 40 pin, 8 bit
device with microprocessor compatibility. The device features three independent
analog channels each with access to its own tone generator. A 16 control register
array communicates to the microcomputer through an eight bit bi-directional port.
Four lines are alloted for bus control logic (read and write). Each tone gener-

1 b ator looks to two registers within the array for a 12 bit tone period. A range

of frequencies covering the full eight octaves of the equal tempered chromatic -
scale is availatle.

' Pseudo-random noise may be mixed to any or all channels from a noise generator

; with basic frequencies of 4 KHz to 125 KHz. Two modes of output control are

available for each channel. The fixed level amplitude mode selects an amplitude ~
specified in the array by the microcomputer. For use in this system the variable
amplitude mode is selected, forcing an envelope generator to control the shape
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and cycle of all outputs. Controlling the envelope generator is a 16 bit tone
period within the array allowing for frequency ranges of 12 Hz to 7€172.5 Hz and
a five bit shape/cycle control register. Three B/A converters supply 0 to 1
volt signals to the output channels.

To accurately represent the flight of a DRAGON missile as it moves down-
range two sound phenomena must be simulated:

(1) Time delay due to the differences in the speeds of 1ight and sound and,
(2) The Logarithmic decay in the amplitude of sound with distance.

Software developed for the microcomputer closely approximates these conditions
within a 1000 meter range.

As shown in Figure III-8, the outputs of the PSGs are input to circuits whose
function is to control the amplitude of the sound. These circuits consist of
operational amplifiers with closed loop gains under direct control of the micro-
computer. An Intel 8243 1/0 port expander is used to select feedback networks
of the operational amplifiers. Harris analog switches HI518 and HI304 under
the direction of the 8243 provide a variable feedback network for the rocket
thruster sounds. The hit and miss explosions pass through a separate operational
amplifier circuit utilizing the same HI518 for gain control. To further massage
the rocket thruster sounds a Pioneer Reverberation Amplifier is inserted between
the output of the operational amplifier and a Bozak Pre-amp and Mixer. Rocket
thruster sounds, hit and miss explosions, and the launch explosion all pass through
the mixer and a Bozak Amplifier. The launch explosion is generated from a Frazier
8-ohm speaker located at the trainees station. Rocket thruster firings are heard
from a speaker near the modelboard as well as hit/miss explosions. The gyro
wind-up noise emanates from a speaker located within the DRAGON tube.

The DRAGON Flight Simulator processor initjates a timer within the micro-
computer upon request of a launch explosion. Thereafter, each request for a
sound by the processor causes the microcomputer to inspect the timer. Assuming
the missile travels at an average speed of 280 feet per second the microcomputer
is able to approximate the distance covered and determine the appropriate sound
amplitude. The microcomputer selects one of thirteen levels of amplitude, for
rocket thruster sounds, decreasing logarithmically from a gain of 10 to 1 over a
time span of 11 seconds corresponding to a distance of 1000 meters. When the
missile hits its target a series of three rapid explosions are generated, each
explosion louder than the previous. For a missed target two explosions occur.
Distance in terms of three ranges is the criteria used to determine the
amplitudes of these explosions. These ranges are: low range (less than 333
meters), mid range (334 to 630 meters), and a high range (greater than 630 meters).
The gyro wind-up noise and the launch explosion have fixed amplitudes.

Time delay associated with distance covered by the missile is accomplished
upon inspection of the timer for each requested sound after launch. Before
signals are passed to the PSG to create a sound, software completes a sequence
of three delays. The first delay represents the real-time between requests from
the processor. This timeout occurs only when two or more requests are made before
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the first request is serviced by passing signals to the PSG. The real-time
between any two requests represents distance traveled by the missile and is
decoded into the second time delay as determined by the time required for
sound waves to travel this distance. These incremental time delays are
accunulated in the microcomputers data memory. The third time delay before
a sound is made is the cumulative total of all the second time delays that
have already been decoded. The compliete algorithm produces a series of
logarithmically decaying, time delayed, sound waves that approximate the
actual conditions within a 1000 meter range.

E. Miniature Target Board

Because most anti-armor devices use high power telescopes to view the
targets, a 1/120 scaled miniature model was chosen. The target model has an
IRED located at the center of the target mass. The model is moved using a
stepper motor. The stepper motor controller is a stand-alone intelligent
controller that is independent of the host computer, the Personnel Interface
Processor, except for loading the scenario. The stepper motor controller uses
a high level language for control of the stepper motor direction, position,
speed and acceleration. The tank is moved over a 40 inch track. It takes
‘ 5,240 half steps to run this track. Using this system the tanks location is
‘ known to 0.0076 inches on the model board. Scaled to the real world one half
step moves the tank 0.9 inches.

The controller utilized is a Cybernetic Micro Systems, CY 512. The CY 512
controller is a standard five volt, 40 pin LSI device configured to control a
4-phase stepper motor. The CY 512 interfaces to the microcomputer using parallel
TTL input. It also has a software controllable pin which is used to initiate
movement of the tanks turret.

4 ) Hi-Tevel commands to control the device are stored externally in the PIP
: , processor,

Under instructor control a scenario can be selected. The commands are then
transferred and stored internally in a program buffer in the CY 512. The CY 512
. outputs sequence the stepper drive circuits that consist of standard Darlington
' drivers. When absolute position commands are executed, the CY 512 automatically
determines whether it is necessary to move CW or CCW to reach the specified
! target position.

Tank position is measured by a 16-bit counter consisting of four 74191 TTL
chips. (See Figure II1I-10) The counter is reset whenever a new scenario is
loaded into the CY 512. The counter then records half-steps of the stepper motor.

The CY 512 interface is shown in Figure I1I-11.

The Darlington drivers are shown in Figure II1I-12.
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A Superior Electric, Slo-Syn, Synchronous Stepping Motor with 200 steps
per revolution was utilized.

The tank turret can be moved by using a software controlled pin on the
CY-512. The CY-512 is fed into the circuit shown in Figure III-13. On software
command the turret moves 90° toward the trainee and the tank gun fires. It then
moves back to dead ahead after a short 2 or 3 second time delay.

F. Weight Loss and Recoil Mechanism

Launch effects of the DRAGON simulator are a very important facet of the
training mission. Two of the Taunch transients which must be overcome by the
DRAGON gunner are the weight loss due to the missile leaving the launch tube
and the recoil of the launcher due to slight uncompensated differences in the
pressures at launch. Weapon launch effects of weight loss and recoil are
simulated via mechanical attachments to the DRAGON bipod.

The recoil mechanism is a sliding platten upon which the DRAGON bipod
and gunner's feet are supported. The platten is covered with a rubber and
steel hybrid material that allows the gunner to firmly plant the bipod legs in
position and stabilize the launcher using his boots to press agains the bipod
supports. At launch the platten is given an impulse from a pneumatic solenoid
thus imparting a sensation of recoil to the launcher.

The weight loss simulation is accompliished by a weight mass that is
attached to the bipod via a pivot and pneumatic cylinder. When the DRAGON
simulator is armed for launch, the pneumatic cylinder is energized which in
turn raises the weight and places an additional equivalent weight of the
DRAGON missile on the shoulder of the DRAGON gunner through mechanical leverage.
When the simulated missile is launched, the pneumatic cylinder is relaxed, thus
releasing the weight and effectively removing the equivalent ROCKET weight from
the gunner's shoulder. The recoil and weight loss circuit for driving the
pneumatics is shown in Figure I11I-14.

G. Pull Down Measurement and Reticle Insertion for Gunner Sight Pictu-e Display

Three LED indicator lights are present on the instructor's console to provide
the instructor a quantitative indication of how much force a trainee places on
the DRAGON tube and his shoulder. When the trainee produces a force on his
shoulder equivalent to or greater than a predetermined threshold, the yellow
LED comes on. If pull down force is increased beyond a second, higher threshold,
a green LED comes on. If neither threshold is reached, a red LED is on. The
threshold for the yellow and green LEDs are variable in a range of approximately
50 to 250 pounds force.

A circuit utilizing a strain gauge bridge was developed to generate a signal
which is strictly the result of a force at the trainee's shoulder. The strain
gauges used are manufactured by Wm. T. Bean, Inc. They are general purpose foil
gauges constructed of Constantan with a polymide backing. Two of the strain gauges
are strategically located on the DRAGON tube so as to unbalance the bridge only
if the trainee has his shoulder properly positioned and is applying a downward
force on the sight. The bridge, when unbalanced, supplies a DC level to a two
stage DC amplifier. The amplified DC level is the input to two comparators. One
comparator activates the yellow light when its threshold is breached while the
other controls the green light. The circuit is shown in Figure III-15,
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In order to provide more realism to the instructor's view of the gunner's
sight picture, an electronic reticle was inserted into the instructor's TV moni-
tor. A Cohu sync generator located inside the instructor's console provides drive
signals to synchronize all the video signals throughout the system. The vertical
and horizontal drive signals provide inputs to the reticle circuit. These signals
each pass through a lTow pass active filter with a cut-off frequency centered at
the repetition rate of the drive signal. In this way the square wave drive sig-
nals are filtered to provide sine wave outputs of frequency identical to the repe-
tition rate of the inputs. The outputs of the filters input to voltage comparators
which generate TTL square waves with falling edges adjustable about the midway
times between two drive pulses. These falling edges trigger one shots which gen-
erates pulses whose duration determines the width of the retical lines. A hori-
zontal reticle is produced by blanking out one or more lines of video. To insure
that an entire line is blanked out and not a portion of it, a flip-flop further
conditions the output of the horizontal line one shot. The clock for this flip-
flop is provided by the vertical drive pulse which occurs for each line of video.
An AND gate combines the output of the flip- flop (horizontal line) and the output
of the vertical line one shot. This in turn controls an analog switch. The switch
allows video to pass through to the TV, or when activated by the AND gate, sends a
negative (black) signal to the TV. The position of the horizontal line is adjusted
at the voltage comparator. The level of comparison, as it moves in relation to
the sine wave input, controls the position of the falling edge at the output.
The position of the vertical line is controlled by a phase shifter at the input
of the voltage comparator. The reticle insertion circuit is shown in Figure III-16.
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SECTION IV
CONCLUSIONS

This system has undergone preliminary evaluation by both Army and US
Marine Corps experienced DRAGON gunners. All gunners were favorably impressed
with its realism and teaching attributes.

The results of testing this device will be included in the final report.

Work is currently under way to include a TOW training capability as part
of the STAGS system.

Development has also begun to add a speech synthesizer chip. This chip
has a 274 word vocabulary and will be used to coach the student using verbal
output.

Work has also started to simulate a thermal sight capability. This work
will be covered in the final report.
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APPENDIX A
DRAGON FLIGHT SIMULATOR EQUATIONS

The following data was provided by McDonnel Douglas Corporation under Contract
N61339-80-M-3518 for use in simulating the DRAGON.

0BJECTIVE
Develop a set of simplified equations that will approximate the Dragon missile
in flight when acted upon by the guidance commands as influenced by the gunner's

aiming errors.

STUDY APPROACH

The equations currently programmed in the Dragon six degree of freedom simulator
were examined and simplified as much as possible while still maintaining a
statistically accurate representation of weapon performance. Some of the simpli-
fying assumptions are:

(1) Missile dynamics based on a point mass solution

(2) Small angle approximation are used in the calculation of missile
dynamics

(3) Effect of tracker sampling on missile trajectory while in the
tracker Tinear field of view is negligible and is not simulated.

The six degree of freedom equations thus modified were exercised and compared
to results from the six degree of freedom simulator. Modification to the
thrust level and guidance parameters were made to tailor the trajectory to the
more exact six degree of freedom results. Sufficient comparative analysis was
conducted to assure that the simplified equations gave acceptable results over
a range of crossing and stationary target conditions and with a variety of
qunner aiming errors.

PROGRAM DESCRIPTION

At the beginning of each simulated flight, initial missile velocity and position
is established in each of 3 orthogonal axes. The reference axes are established
by the initial launch Tine. The target is placed on the launch line with a
constant crossing velocity and time is set to zero.

Equations of motion are then solved every 0.02 seconds in each axis using gravity,
drag and side thruster accelerations as inputs (see Figure A-1). At the end of
each time increment, the new missile position (X, Y, Z) along with gunner aiming
error (Gl and G2) and target position (E3) are seen as an angular input (E1, E2)
into the tracker (See Figure A-2). The tracker calculates a side thruster firing
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angle based on the azimuth error (E1) and a firing frequency based sn the
elevation error (E2) and the commanded firing angle (W1).

When the tracker commands a firing, the resulting velocity change is resolved
into each axis. This in turn changes missile position in a direction to reduce
the sensed angular displacements between tracker and missile, thereby closing
the guidance loop.

The program listing in BASIC language along with a symbol reference list and
symbol descriptions are included.

DISCUSSION AND CONCLUSIONS

The equations presented herein will provide a good approximation of the flight
characteristics of Dragon when subjected to the gunner aiming errors used in
this analysis.

To interface this Dragon flight model with STAGS, several input parameters
from the STAGS are necessary. The input parameters are trigger pull; target
speed, direction and range; and gunner aiming error. Trigger pull will be
initiated by the gunner using the Dragon training mockup, electrically sensed
and transmitted to the Dragon flight simulator. This signal will be used to
begin the simulated missile launch and subsequent flight. The target speed,
direction, and range information are predetermined values for a given scenario.
Target information is used in the Dragon flight simulator to generate system
Tag characteristics, i.e., the average distance at which the missile flies
behind the target center. The STAGS will measure gunner aiming error with
respect to a selected aim point on the tank target. This aiming error data
is needed in the Dragon simulator to generate guidance error commands.

The sequence of events in a simulated flight begins with actuation of the
tracker trigger. Figure A-3 is a time line or sequence of events for the
Taunch phase based on nominal conditions at 70°F. This is an abbreviated

time line which includes only those events which are relevant to the weapons
trainer. Between trigger pull and gas generator ignition batteries are build-
inqg up voltage and safe and arm functions are taking place; however, gas gen-
erator ignition at 515 milliseconds after trigger pull is important as an indi-
cator of when to apply the simulation of sound pressure level. First motion of
the missile in the launch tube begins at 533 milliseconds and could be used

to initiate a simulation of weight shift ending at a tube exit time 20
milliseconds later. At tube exit, launch gas (fire and smoke) visible to the
qunner is released. From this point the missile is flying ballistically and
the missile flare is building up to its operating level. This flare is oper-
ating at 735 milliseconds allowing the tracker to recognize missile position
relative to its line of sight and guidance corrections are generated in the
tracker. At 1003 millisecond the warhead is armed providing an indication

of what type of simulation of ground impact should be considered. Prior to
this time a ground impact appears as a dud but beyond this time ground impact
would cause the warhead to detonate and simulating this situation would be
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quite different. The ballistic phase ends with the first rocket motor firing
which is commanded automatically at a fixed time of 475 milliseconds from
missile first motion. Subsequent to this first firing, the normal closed

loop guidance is active in both the horizontal and vertical channels. The
Dragon system was designed with a set of limits established for the aiming
errors and the trainer may want to incorporate these limits in its scheme

of scoring the gunners performance. Figure A-4 is a plot of these limits

in both channels for stationary and crossing targets. Another factor that may
be considered in modeling the Dragon flight is the influence of the trackers
field of view; i.e., missiles' flare image relative to the center of the
trackers' IR detector (coincident with gunners line of sight). As this flare
image approaches the field of view boundaries guidance performance is degraded
and when these boundaries are exceeded guidance is lost and the system goes
into a squelch mode. In this mode of operation the tracker commands a con-
stant firing angle and firing rate based on the last guidance information.

A more accurate model of tracker performance which includes the field of

view effect may be added at a later time but does require significantly more
computing than this initial model.
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APPENDIX B

MULTI-PROCESSOR MAIN PROGRAMS
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COMPILER TNWIRER BY  FLMSE FA DRAGFL @il DERLY ROM TsPEF DATE (@3/16/1m

[wRNUNSFC TOHTSMO0ULE [0,

UARKIRAAS 54 G ORY SR Ok R Rk K AR R KK
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SRR S 2 9 & KROEFOE AR R OR SORROK R ook * Ak R/
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w_REP_GO. GRND_BIRD. END_REPRISE™ BYTE AT +ARA14H):

‘Sreriess oninorekaopkrsr END OFF-ROARD ADDRESIES ke v ¢ ¢ s Sadonob Rt Kok b gk
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DEL_E10_p INTEGEF BIG_H INTEGER
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THRGET ¥ FROCEDUFE INTEQER.
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HTCOUNT = TCGUNT /L.
TTOOHNT = TLOUNT/ Lhan.
RETUPN TTCOINT#207 + «HTCOUNT - TTCOUNT#1@)¢27 +
CTENS_COUNT - HTCOUNT«L@ 143 0
& MODEL MOVES Ze 78" IN 52408 COUNTS 1T 1S 22 FEET FROM TRAINEE
IT THEREFURE MOVES «35 279 22¢12)%10090/5248 = 8 267 (@ 1 MRAD COUNT) »/
END THPGET_Y.

TIMELDELAY  PROTEDUFE  HOW_LUNG EXTERNAL:
DEFLHFE HOW_LONG WIRL:
END TIME_DELARY

DECLARE PESULTS 2300 STRUCTHRECS.COUNT INTEGER, S_X INTEGER,
S_¥ INTEQER 5.2 INTEGER. S_GREY_I INTEGER. S_GAEZ_I INTEGER.
S_GSTUNT INTEGER. S_WHISS INTEGER. S_YOUT INTEGER: AT (20@aH).
T INTEGEF.

DEFLAPE +E_Y. B_Z-DATA_ROYL BYTE EXTERNAL:
DECLAFE SRVE_TINT INTEGEF.

H_FEFPISE PROCETARE FUBLIC.
SAYE_TINT = @,
H_PEF P01 = 1.
0N WHTLE NOT H_REF_GO.
END.
H_REP_GO = Q.
DO T =@ 70 COINT - 1.

L‘ IR -LA—MM‘M ' 7‘"‘7‘“‘; o ““

fpsindds FAGE )
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FUoAn LR ILEs DRAOONFL ORTHODULE Asl6 16 PRGE
T IF RESULTS [+ S_S$TONT © SRYE.TONT THEN
- N THF‘USTEF‘ .
FEREN FIREGIRD - 1
I SWE TONT - FESULTS T 2 SeTumT.
i END THRUSTEF
TRL TIME_DELAY +130.
Pooo= (o UNSIGN ‘188 - RESULTSYIY S_GREY_T v
4 £.0 = b o GNSTON «RESULTSCI 3.Y + 198
T PRTA_RIYL = 1.
"o RIRD_LT R0y = 1
i END.
T ENO_PEFRISE = L.
W EHD H_FEPRICSE
1 4 4 FEFRISE PRONEDURE PUBLIL.
: i SHYE_TONT = i,
4o v REP_Fi =
IR 0 W ILE NAT ¥ RER G
R ENG
4 : y_FEP = 0
4 1= @ To CONNT - L
PR F PESULTS 1+ S_SSTONT > SAYE_TONT THEN
4o 3 THRUSTER (i1
43 4 FIRE_BIRG - L,
w4 SRYE_TONT = FESILTS0D) S_S§TINT.
SR END THFYGTER.
sl TALL TIME_DELAS 1030,
ol By = LM ¢ UNSTAN « 1w - RESULTSCI? S_GAEZ 1)
W B_Z =t (UNSIGN TPESILTSO T 5.7 + 188
55 [RTA.PIVY = 1.
E S BIRD_OT_POY = L.
’ 8 ENG:. :
it END _REFVISE = 1. !
5% END ¢_FEPRISE. ;

68 i DECLARE GROUND_Dil LITERHLLY
OFIIND_EXR  LITERALLY
HIT_TAFGET LITERALLY
ROCKET FOF LITERALLY

[N,

el SOUND  FROCEDAIRE VIHAT .+ IND EXTERNAL.

e DECLARE KHAT_KIND BYTE.
LN, END SOIND. -
4
7+ THIS YERSION OF "DFRGOM" HAS BEEN TESTED AGHINST AN NTEL BASIC~34 N -

PROGRAM  THE BRSIC-%@ FPOGRAM. IN TURN, WPS CHECKED WITH THE MCDONNELL OOUGLAS
YERSION OF TYPICAL [RAGON WISSILE FLIGHTS, WITH AND WITHOUT GUNNER ERRORS
NO SIGNIFICANT DIFFERENCES BETWEEN THE VARTOUS PROGRAMS HRVE BEEN FOUMD +/

S THE PROGRAM USES INTEGER MRTH ESCLUSIVELY ANO REQUIRES 2 12 MILLI-SEC T

' ExECUTE EACH FACSS THRONGH THE "FLIGHT" LOOP RS DETERMINED USTNG ICERS R SOFT-
WARE. FLOATING-POINT-MATH YERSION WRS TRIED BUT REQUVIRED RABOWT 2 SETIWDS PER
FASS  THE PPOGFAM MUST OPEPATE IN REAL TIME TO SIMULATE THE MISSLE FERFORPMANCE
T0 0 THIS EATH PASS MIST REQUIPE NO MIRE THAN 20 M-SECONDC. THEREFOFE. THE
FLORTING-FOINT YERSTON WAS ABANDONED

THE FURPICE 1 THE PPOGPAM 1S T PROVIDE DPAGON CROSS-TRACK POSITION DATA

B-?
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COMPILER  DRAGONFLIGHTIMDULE as/lerle PRGE ¥

T THE SHALL “TV" VIEWER IN THE TRAINEE S SIGHTING DEVICE THE TV [RIVER
WILL BF AN A SEPARATE PCOBOARD PLUGGED INTO THE MILTIBUS  THIS WILL FEMMIFE
MU L FROCESSOR OFESRTION AND ALL M P FROTOCAL INCLUDING "MUTURL EXCLUSIIN®
WIET BE OBSERVED  THE RECGUIREMENT. THEREFORE. REMRINS TO ESTABLISH f BLOCK
OF MEMORY THAT CAN BE RCCESSED BY MULTIPLE MASTERS ACROSS THE MULTIBUS AND
A SEMAPHORE FLAG MUST BE PROYIDED FOP DATA PROTECTION. »*/

DECLAPE (HREY, GREC) WORD EXTERNAL. (GREY_T.GREZ.I> INTEGEP
DECLRRE « ¥, ¥, 2. 9N, WY, U, GAMMA, PHL. DEL $VX. DEL$VY. DELSVY) INTEGER:

DECLARE (HSFOV. WSFOY. FIRE BYTE.
GAINSFAL. NITAT. GATN, REFEYOLT. COUNT+ INTEGER.

DECLAFE «HOUT. INT$H. EPR¥H. INSHCOMP® INTEGER.
DECLAPE WM. INTSY ERPSY. INSUCOMFY INTEGER.
DECLAPE ¢ HANG. \WNG. HHISS. YMISSY INTEGEFR.
DECLARE HTHRS. TRRI, “TARY) [NTEGER:

CECLAFE FINISHED EYTE PUBLIC. FIRSTHFIRE BYTE.
(SETONT. INTSFF. COSEPHT. F¥FRER INTEGER:

DECLARE + H_MISS_MEX, Y_MISS_HEX. X_MISS_HEX) INTEGER PUBLIC.
TIDEAL _SSTONT. TRPOET_S$TCNT) INTEGER PUBLIC

DECLAPE {DEL_OFF_H. OFF_N' INTEGEP.
DECLARE SMOAOTH: 45 INTEGER. 11 BYTE.

SETONT 1S THE NUMBER OF SIDE THRUSTER FIRINGS

COSSPHT: UNIT = & aat

FSFRED « INIT = B @1 FIRE/SEC

INTSFF . UNIT = @ @34 FIRINGS

FINIFHED [5 THE FLAG FOR A HIT GROUND

TOUNT . EINET = @ @82 SECOND

SRINSFIT . UNIT = A 81 X WCOONNELL BRASIC FROGFAN 5" UNIT
NUTATE . INIT = 1#7-4 RADIAN

GRIN - UNIT = & 1 VOLT / RADIAN

REFSVILT © INIT = @ 94 YOLT  »/

-

*

HEOUT . IINIT = @ @82 VLT ~- BASIC PPOGRAM R VALLE

INTS$H . UNIT = @ @92 VLT -~ BASIC PROGPAM 01 YALUE

GREY_T . UNIT = 1/2 FINEL (1S 25 MRADY -- BRSIC PROG G RAD °
LENS FOTAL LENGTH = 125 MM --- SEE [PAGON VAR

ERRSH . IINIT = @ 982 WOLT -- BASIC PFOGRAM 11 VALUE

INSHCOMP . UNTT = 8. @02 YOLT BRSIC PROGRAM P1 YALUE

WEOIT . INIT = @ 992 VOLT ~- BASIC PROGPAM P2 YALUE

INT$Y . INIT = & AB2 VOLT ~- BASIC PPOGPAM 02 YALLE

GREZ_T . INIT = 1/2 PIXEL «1S 25 MRAD) -~ BRSIC FROG G2/RAD)

ERFSY . UNIT = @ 882 YOLT ~- BASIC PROGRAM [2 VALUE

THYCOME . ONTT = @ @42 YT -- BRSIC PROGRAM Pz YALLE

HMEZS & WMISS = @ 4 MRAG -~ G1 + E1 & 52 + E2 ANGLE FRDM

HISSILE T TRRGET LINE
XTAPG UMY = 2 INCHES -- NOT IN BASIC

B-3
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PL rl=cw vinir (PR [y ¢ AR TMO(GH £

o=

fendt

Th

Lo w e

)
N

.

@

aa

HIAR: ¢ WTARG. UNIT = @ L MPRD -- BRSTIC EZ & £

« e NTT @4 MILLIFADIAN --- BRSIC "EA"
VANG . UNIT @4 MILLIRRDIAN --- BRSIC “E2"
BIG_H ; UNIT @ 1 MIL-PAl/S4
WANG_BTRG UHET @ 1 MILLTRADIAN = HANG
JANGD BEFDL INET @ 1 MILLIRADEAN = VANG */

Sk INCE OMICHES. ¥ IN S INCHES FER SECOMD. ¥ % 7 IN UNITS OF & @S INCHES.
Wk T INCINTTS OF G 20 TNCHES PEP 1@ SECONDS GRMMR « PHT APE IN DEGREES »/

S OFF 4 IS THE HORTZONTAL DISTANCE OFF TARGET LINE UNITS OF 9. 85 INCHES »/

S4 THIS PROGRAM ASSUMES THAT EVERY CYOLE REQUIRES &4 82 SECONDS. 1T MUST
BE COPFECTED WHEN WE DETEPMINE HIW LONG THE THING TAKES *-

EES LY KKK ; $ 1

FROGRAN VAPIABLE INITIRLIZATION
WYY */

INITIATESYRR PPOCEDUPE PUBLIC:

z TCOUNT@ = INT/NOT TONT). A% TONT COMES INVERTED FROM CVS12 BF[ «/
- HIRRGL = & /% HTARG FROM PREVIQUIS PASS »/

2 X =@

2 FF_H. HMISS = &

: SHOOTH(E) . SHDOTH(L +. SHOOTH(Z . SHOOTHI D = @
: 1= -8

¢ ¥y = 1559,
z EAZEN

z Vo = SE5R.
7 oRMR = 20

FHI. HOLIT, INTSH. GREY 1. V0T, INTSY. GREZ_T. HANG. YANG. SETENT. INTSFF = &
HTARG = TRRGET.Y.

: VIRRG = @
2 CTHRG = [Sesh. % THIS WILL CHANGE WITH FILM DATA NDW = 16400 M »/

TUERL ~$TNT = STHROST2A Sewser AESUMES FINED RTARD mbwwekyans,’

o

H_FEP_P0. H_REF ). Y_PEP_PD. ¥_FEP_GD END_PEPPISE = @;
TEL .HHISS = &.

I=a

CTINT = A,

¢ ENC: INITIRTESYRF.

Py e

TreEakl s A AT s knktan s PROIGFAM STAFTS
i S IOHT  PROCEDVRE PUBLTY .
PR P IUR ORI AS 4 40 KPS EEELRT AR A X MRS AR TP TR R b

MISSLE DATH AMFLE

R R L T T N 2 ] ok i1tz 21 kK 2/

H_MISI_HEY, = vSMOOTH 3 1+SMOOTH(L 1 +3MO0TH(2)+SMONTH( 30)/4:

PESULTS T+ S_CUNT=COUNT:
B-4

AR 16/18  PHE  d

FIRE. FINISHED. FIPSTSF IRE. BIFL _HITS. EIMD_MISSES. GRND_BIFD = @ /» NOTE- TYPE IS AL BYTE HEFE «

T WEN W

¥

T e et - ——— e ——-
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— " N o

By M- 0 WRILER  DRASONFL ioFTMIDULE MEAEMA FRGE S
I FESILTS 10 3%z
mr TENTS D SLY = H_MISI_WEY.
o IF RESLTS/ [0 S_¥ < -5 THEN RESULTS 17 S.¥ = -85
ol IF PESILTSIDY 3.y & 150 THEN RESILTSYD S.¥ = 158
1 PESWLTSI LY .7 = 70X/ 18B)Y#WNISS) /50 /% DITTO ¢
e IF RESILTS I 5.7 ¢ -95 THEN PESILTS(DY 5.2 = -95:
les [F RESULTS: I+ 5.7~ [5@ THEN RESILTS: IV 6.7 = 5@
(SRR RESULTS: 1+ S_GREY_T=GREY
1 FRSILTS 10 S_GREZ_1=5REZ. 1.
1 2 FESHLTS: T v S_SETPNT=CSTINT.
e PRIz e Th
nu. SHOATHE T = 110 - SMITHOZ - §o
1 END
e e
L REORORR AR ARORE RO ERKNOR R oKk kR AR NOR R 4 . R
TINY TAtK POSITION
AR A0 CRROKE A SRR e,
s 2 HTARG = TRRGETv.
ue DEL _HTERG = HTARG - HTARGL.
w2 HTARGL = HTARG. ‘» SRYE TAFGET POSITION TILL NEXT FRGS #/
1.0 < COHNT - TONT ¢ L.
T R AR R R SRR PRORR RO RS ARk RN KK Rk Nk oKk Rk Rk Kok
MISSTLE  DYNAMICS
AR SRR K KRR ook /' '
3
S ZANG_ETPD = YRNG. v TRANSFER RIRD POSITIONS TO "BLBORRD “ - '
A 1 YANG_BIRD = HANG.
E RIRD_OT Bl = |
125 2 DELSVZ = -TeRMMA - TE ;
1w 2 iF FIPE = 1 THEN 0O :
= DEL$YZ = DELSYZ + 7715 - FHINPHI. ’
178 EALL SONDYRICKET FiF ».
1w - FIRE_BIFL = 1.
14 s N :
: i
pioo 2 GREY .1 = SIGNEDYGREY . ]
13: WEZ.1 = SIGNEDYHRED). 1
14 TRRGET_S4TONT = S$TONT.
sz ¥ MISS_MEY = ¥-TAP. 4
1 2 IF TRRSYX_MISS_MEX < 25 THEN 28 ==> T & 13 FT FROM RANGE OF TAPGET +/ :
ooz AT_TARGET D 1
I 1€ IDEAL_SSTCNT > TAPGET S$TENT THEN IDEAL_S$TINT = TAPGET_S$TONT:
. 140 - IF ¥ 7 2099H THEN
- - VTR U_MISS_HEX = 0% {@0)I#VMISS), 50, /% YEFT MISS DISTAMCE. FT »/ 4
. Wz - ELSE V_MISS_HEX = ¢/X/100@1+YNISS)/6@. !
14: 3 IF 1ABSCH MISS_HEXY < 4R AND TABS/V_MISS_HEXY < 2 THEN -+ IN 8XA FT PECTANGLE */ i
1dd X A0 _SHOT ).
145 4 CALY SOUNDCHTT_TRRGET). ]
o B-5 ]
. b

' ;
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FoH-ne COMeTLER LA INFLTGHTHO(HLE 62/16743  PRLE  +
B C RIFD_HITZ = L
| B PR BIFD_MISSES = .
4 4 FINISHED = 1
49 4 END D00 _SKOT.
1% = ELSE BAC _SHOT  BIF(_MISSE: = L.
191 END AY_TRRGET
15: 2 VT2 WD e DELEME 2
| S RO R Vo B
1 VT o= WZ e DELEVZ ¢ 2.
155 DEL$V Y = -2,
15n IF FIFE = 1 THEN DELSYX = DELSWY + o2,
1% ¢ weo 2 Wooe DELSYS 2
15+ DEL_Y = ¥X.59.
fan 2 Xo= e DELN.
trt 2 W= W+ DLV 2,
pne ? GRHMA = ¥7 7 0 VxXeg .
) LS IF FIRE = { THEN DELSYY = -C02{S98-PHI+PHT /150, #FH]:
1S 2 ELSE DELSYY = @.
fee ¢ WY = WY o« DELSWY /2,
157 2 CEL DFF_H = WAL2S ~ L </ 1R HHISS 29Y ~ 03/ 25Q)#DEL _HTAPY:
e 2 FF_H = OFF_H + DEL_OFF_K.
ns 2 SMOOTHY G = OFF _H/26:
1vp 2 WY = WY o+ DELSWY / 2.
| FIRE = o
N KRR Aok KK Rk Aok L *
DEFINING ANGLES
SRERR SRR ER A R K R ok
“e WE INTROUALE THE TRFGET DATR FOF TAPGET MOVEMENT FROM 1 © *
1 4 [F CONT = S THEN » T0 AYQID A "DIVIDE BY ZERD" WHEN CALILLATING "HMISS * »/
| ANOLES DO,
L N HMISS = v2eFF _Ho/vh 7120,
L= 0 WMISS = 20 D) 280 - YTRPG
1.4 HANG = HMISS - SepREY 1/
| VANG = WMISS - SGREZ /2.
O END ANGLES.
SHRRR R BRI RO SRR KRR HOR KA oK 4 SRR AR OO § KK
THIS 1S THE TRACKER GRIN SECTION
S AR K S R R bk R Rk ROk w XK RAERRR - -
174 WINSFRC = +1dde - 1 TOUNT/1R .
{&n IF GRINSFRAC > 149 THEN GRINSFAL = 140 -
v IF OAINSFRC < 173 THEN GRINSFAL = lué
1-d IF COUNT 7~ 34 THEN NUTHT = 244: ¢ WITH 129MM LENS. FOV 1S 24 MPR[ »
i ELSE NUTAT = 1 28595/ GRATNSFAC %168 /COUNT:
' TF COINT > 47 THEN FEFSVOLT = &7%: :
fre ELSE REF$YILT = 1& » COUNT.
e [F REFSYOLT > 875 THEN PEFSWOLT = =75,
19 = IF CONT < 46 THEN GRIN = 4% * COINT, .
B-6 .
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Pl M-Sr COMFILEr

e

21
aid

A

e

(YR I )

DFRGINFLTY HTMODULE

RLSE ORIN = 1HA e o 87SR O NUTRT o

PRERRRPA RGP E 00t ANEF T ERN GOH RO 4 KR NOR NN

#8/16716  PAGE 7

CHECH FOF NUTRTION RADILUS EXCEEDED

ARRXE YT IR RN S INAPYRTANS SRR ESITN LAY 1)
HEFTN. VSFIY = A,
IF TOUNT 5 24 THEN
THECK$FON ()
IF TABSVHANG » + NUTRT THEN H$FOV = 1.
IF [ABSOYANG « ™ NUTRT THEN WEFOY = f:
ENC CHECH $FOY

[

AR AR NIOR R KRR NOR AR BAOR R K A NORIOK SRR AR EAOKA 0 VRAOKORR X AAOKAOR A ROR kR

TWl3 15 THE HORIZONTRL RAYE POSITION PORTION

LA R YN EIRRI AT LA Re 2232 PRRR RS 2222

IF NCT H$FOY THEN
TRLCSH [
IF FANT 20 THEN INSHOOMF = o ORIN1AYHANGY /20,

4 CONT=22 (== TiIME= 44 S

& FIRST FIRE QLEUFS @ 474 S %/

ELSE INSHIOMP = CORTN 2K vHHANG.
END LAL $H )
ELEE INSHOOME = WEF FVOLT S #HANG/ TRES Y HANG

EFR$H = INSHUOHF - HOWT.
HOIT = INT$H L0 + I INSHOOWP.
INTHH = INT$H + EFFSH:

Sk WAOKOKOR # 0k + 3 R RRCRF ¢ b ek AR R Rk T

HOPTZONTRL WIRE

AR R OOk R ¥ *
PHI = HIMIT 5.

[F PHi -~ -~72 TREN FHT = -7S.

IF PHL - ™% THEN PHI = 7S.

L ¥4

ARRMNE S A E ORI RO KK ORKN K

THIS 1S THE VERTICAL PRTE POSITION PORTION

R A ARRRAA A 4% ¢ kb 3k ¥

IF NQT V$FIM THEN
TALCSY [
IF VOONT 7 20 THEN INSWIOME = CORTN/LO o VANG ) /2.
EVOE INSULOMF = GATN - 2383 HVANG:
END' CRLESV.
ELSE INSYOOME = REFSVILT/S)RYANG TRES AN, .

ERPRSY = INSYCOMF - ylaIT.
YOUT < INTHY/S + 34 [NSYCOMP.
INT$Y = INT$Y + ERRSY,

EPFS' = IN$YCOMP - VOUT. /v HERE WE TRKE INTEGPRTION @ /2 OF

WOIT = INTSVAT + SINSVCOMP,
INTEY = INTS$Y + EPRSY.

"COUNT" TRICE */

AR AR Rk § Rk b ROk 3k L)

FIPE PLLSE GENEPATION

B-7
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Py Mesr COMPIER CRuNFL LGHTHODULE BE16/18 PRGE & .
AR OR Y KK Y R AORKA 1K NOK KN AR K /
PN FSFRED - Ldinmd - TwyOUT . 5.
o COSHFAT 5 9T - CPHIMPH T
i o IF COUNT = 24 THEN
! 4 FIFSTSSHOT 0.
L FIFE = §
j"n b 'R}TI'NT - 1.
ST INTS$FF = @,
T FIRSTSFIPE = |.
e END FIRSTSSHOT,
PITIN IF FIPSTEFIFE THEN
21 CANFIPE [0
EXE IF SHTINT < 20 THEN
# M SOMESLEFT 0.
44 IF INTSFF > [iG$PHT THEN
M5 FIRESONE [,
R INTSFF = w
PRI FIFE = 1.
2% S SETENT = SETONG .
! 297 % EM: FIRESONE.
] o INTSFF = INT$FF + F$FRED S@.
AT ENG SAMESLEFT
s END CRNF IPE.
j S IF 2 -"20 THEM
42 GROUNCED (),
S S FINTSHED 3P0 _BIRE = 1.
s/ IF COUNT > 23 THEN CALL SOUND .« GROUNG_ENPY:
s ELSE CALL SoumND +(PTHIND DU
NI ENL RN
F i EMD FLIGHT.
o EMD ORRGANSEL THHTSMOGIL E
MO E INFOPMAT I'N
CE AFER SIZE = aADIM 2TTLD
CONSTANT AREA TIZE = Agawm 0
VAFIABLE AREN SIZE = @ARZH 178D

MAVIMUM STRCK <I7F = aoasH ¢
47 LINES FERD
@ FPOGRAM EFPGE. <o

ENC OF FLAM-Re COMPILRTION

B-8 "
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MCS-84 MRCRD ASSEMBLEF

7

TP CENTSF

[, S N PN B P

- =
M O 0~ T

™

41

n2/24/49  PAGE

TSIS-11 MCS-86 MARD HESEMBLER 2 | RSSEMBLY OF MODULE TR_CENTER
NRIECT HMALE PLACED N F) DRAGES 0BT

RSEMELCF INVOKED &Y A M@% F1 OPRGIF 01 DEBUG DRTE (92/24/89)

HAME Ik_CENTEF

-THIS 1S A DPIVER PROGRAM FOR THE PETICON 6920 USING THE S6/12 BORRD
T 15 BEING UPDATED 9-23/81

DGROUP  GRNE  DATA. STACK. SBC.PEAS. XFER.SEG
COPOUF  GPOP CODE

ASSUME  SS DGROUF. £S CGROUP. DS DGROP. ES DGPMP

STRCK  SEGMENT STACM - STADK
e =4 DUPC

TOP_STK LABEL WD
STACK  ENDS

THIS PROGRAM WILL RESTDE ON THE SBC "DFS" 1T WILL WRITE ¥. ZYCENTER?
{DRTA TO THE SBC "PIP" VIA THE MULTIBUS THE "PIP" HAS BEEW * IMPERED”
130 RS TO ALLOW THE MULTIBLS TO ACCESS &Y OF ITS PAM STARTING AT LOCATION
AP, THE “"DFS" TUMPERS ALLOW MULTIBUS ACCESS TO 8K OF RAM STARTING

AT 20H  THE ON-BORRD LOCATION OF THESE AYRILABLE 8K-S START AT AOAGH
ON BOTH BORRDS. THE BOARDS (REF FIG 2-1 86/12) APE JUMPERED RS FOLLOWS

SBr DFS TMPERS MULTIRUS ACCESS  SBC PIP JUMPEPS MULTIBUS ACTECSS

L7128 = % = & 12718 =) X = @

51 6-1 1 CLOSED 51 8-11 CLISED

StS12 " == S45E " =

G its S11-16 *

S1 2+45 OPEN S1 2-15 OPEN

5§ 3-14 CLIGED S1 3-14 (LOSED

SLd-f3 " == 6a T 4-13 DPEN  ==> ARORN
YFEP _SEG SEGMENT AT RGO ON SBC "PIP" RS NOTED AROVE

WILL PRSS DATR FOR YCNTR. ZONTF
IE THE "DFS" 1S THE DATA "SUPPLIER" AND THE "PIP" 1S THE “USEP *

STHPT_BIT Uy L [upe?)

PUBLIC B_Y.B_Z. DRTA_RDYL

B.Y ] 1 ppe™

B.Z bR 1 DI

PRTA_FTYL 08 1 DPe™
B-9




i -3n MACRO ASSEMBLER {R_CENTER
G et LINE SURCE
Wb 47 BAD =S
e 44 OFFSET_Y
A | a5 OFFCET_Z
- - 4. KFER_SED
47
el 48 SBL _RERS
A S 4% SBCRES DB
27
AN S IS ]
! IN FT88YF
51
Aot ey 82 RIGHT  7&
iz Sz LEFT DB
27 ot a4 UF DB
w4 | =% DOKN D&
.
" W25 % BB
9
a6 L s7 VCNTR DR
. h
wig7 1 98 JCNTR B
-
Wikl 59 YMAX DB
?
aTa g X%} YMIN 3
. , '
IR ] £l MY R
¥
AR L £2 MIN DB
L ]
L b " ” N ™~ .
doidindlit B ool i, i

A2/24/85 PAGE 2

bR 1 TPC?)

DR { [UPC™

pE 1 OUPi?)

ENDS

SEGMENT COMMON
869 DUPL?)

1 P TrE FOLLOWING 6 BYTES ARE NAMED "PARTLY_OFF"

1l

1 Dipe N

1 DIPOY

1 0UP‘™

1 DUPe STV BYTE TO MAKE 3 WORDS OF "PARTLY_OFF® IN KTSAXF

L T . THE FOLLOWING & BYTES ARE IN "LOCATIONS" IN RT86XF

1 DUP(? ~

1 WP /:

1 DU ‘

1 DP(™ -

1 DUPEN -
B-10 {




IR T R S LN 3 L T

TR &

AR

M 55
a0a1 1

7 BR--—- 2
O SER
T AECR
600 ESRM E
A, HARRA P

Wk al
ML TS
g L
W ld S
e

Min

Wife &5

wlT e

R B F
AtE SEDR

WD ZECR

M1F EGRAan 12

LINE

£f

L3
r

o\
71
7‘.
)
s

[

~
i

14
191
1%
10z
104
145
19
147
107
1ha
e
i
12
[$

1R _FENTFF

SOHRCE
PUELIC  GREY. GREZ
WEY [ 1R
R Dw I I
FUBLIC  GAEY. GRED
B _PEGS ENDS
EXTRN P PRST  NERR
L3 gou £4H
CODE  SEGMENT PLELIC “LODE
PURLIC  SETPET
SETRET  pRa NEAR
EXTEN  INITL  NERR
FISH  BF
FUSH [
M . DEROUP
W LS. Ax
now ESRY
CALL INITL

WRITE- MY

I MF
INE
Fiw
FiP
FET
SETRET  ENDF
FUEL
AR
FIITH
FHSH
MW
MV
MHov
CALL

VYIINTR

AL. STRRT_BIT

AL
WRITA
[~

¥

YZONTR
NERP

BF

u3

RY. DOPOLP
DS, A

ES. AY
PL_RRET

A2/ 2448

FRE

JTHIS BRTT LOOP HILOS (P RETICON DATA UNTIL
« THE FETRO GPAFHICS BOARD 1S SET UP AND THE
+ MATPGS EOARPD IS PEADY AND WRITING

WE NOW LK FOR THOCE TRENSITIONS WHICH CRN BE ASSOCIRTED WITH A SINGLE !

BFIONT SPOT ON THE PETICON CAMERA (@AV1A0 FIELD OF WIEW THE SPOT NILL FE

LOCATED AT THE CENTER OF THE TAPGET THE PETICON CAMEPR MILL BE MOIWTED "M i
- THE CENTEP LINE OF THE SIMJLATED WERPON SO THAT THE OFFSET OF THE <POT FPOM !
i THE CENTEP OF TKE 108X1A8 FIELD OF VIEW WILL MEASURE THE LERD AND ELFWRTION

OF THE WERPON AT TRIGHER TIME A SANPLE FETICON DATA LINE CONTRINING A

CSINGLE BRIAHT SFNT 1S

0T 4T A IE B R -0

B-11 ' |
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Moy © MHORD RESEMGLER  TRLTENTe Be/24/8%  PRGE 4
o CINE SOURCE
114
1S TAIS INDICATES THREE TRANZITIONS IN THE LINE BUT ONLY THE FIRST TWO ARE

11 -SIGNIFICANT AT 1CH THERE IS A DARK-TO-LIGHT TRANSITION. RS INDICATED BY THE
117 -HIGHEST ORDER BIT (HOB» = @ IN UATA BYTE #2 (6@) THE FOLLOWING TRANSITION
13 1S AT 1EH ANG IS R LIGHT-TO-DARK. AS INDICRTED BY HOB=1 IN THE FOLLOWING

115 CEVTE #5 (E@> EVERY LINE HRS R FORCED TRANSITION AT THE END-OF-LIKE.

126 -LGCATION FdH=100D. THE PROGRAM STARTS FROM LINE #@ LOOKING FOR 83 AS THE

121 ~INITIAL DATA BYTE IF @3 1S NOT FOUND. THE NEKT LINE IS EXAMINED TRIS IS

122 .CONTINUED UNTIL 19@ LINES HAVE BEEN EXAMINED FOP THE PROPER NUMBER OF
2T TRANSITIONS
124
125 CRESISTER HSAGE IN “CENTER®
s ¢RLY = NUMBER OF TRANSITIONS IN DATA LINE
2 ‘A = BYTES TO FDD TD DATA LINE PDINTER
12 (BX) = DATR LINE POINTER POINTS TD START OF DATA LINE IN “SRCREG"
| (CLY = LINE NUMBER
o (THT = 64N = 108 ==> THE LAST DATR LINE
171
A2, BHLES 132 CENTER WOV CX.6S81H CCHIZESH. 1 + LAST LINE <CL)=L:--> FIRST LINE
WS BREFFF 132 Maw B, -2 JINITIAL VALUE OF DRTR LINE POINTER
AR B 134 mY  AH2 INITIAL DATR LINC POINTER INCPEMENT
zn CFee299354 R 135 MOy YMIN,SIZ SET INITIRL YALUE RT 64K
WA LERRZBATEA  F 136 Wo¥  ZMIN.SIZ :DITTO FOR ZMIN
W4 SR 3nTnt [ 1:7 MoV YMRX, 1
AR+ Cndb R R 120 Moy max, ¢
129
MIE THES 148 tiMp e CH.CL JHAYE WE FINISHED WITH LAST LINE?
M40 5 141 T OVER /NEED "OVER™ BECRUSE CONDITIONAL JUMPS MUST BE
: 142 (LESS THAN +127 BYTES AWAY
L wid) ERREg 143 iy 3 [ONE
PO4%, AZEW 144  OVER  ADD  BL.AH ;UPDRTE DRTA LINE POINTER. NOW BECAUSE WE CANNCT
047 BT 145 A PH.@ ‘AOD R SINGLE RYTE TQ BX. WE DO IT IN TWO STEPS
145 ‘USING THE CRRRY FLRG. "CY" N B (BX)=8 ON
147 i THE FIRST PRSS THROUGH "DUMP.*
148
PAIR BREH0R K 149 MOV AL SBCREGIBX] :FIRST DATR BYTE ==> TRANSITIONS IN DATA LINE
159
. AE BRER 151 MY AH AL MILL FORM DRTA LINE POINTER INCREMENT IN AH -
2659 FEC4 15z N R
8952 DOEY 153 S AR (RM=2(AL+1), THE DRTA LINE POINTER INCREMENT -
154 .
WG BRETAZAR Poooass MY AL, SBOREGIBK+2) *
M5 1064 154 ¥ AL.SIZ -
woH 7485 197 j{3 Sk1p JIF NO SPOT, THEN GO TO NEXT DRTR LINE
WAST E 30R06 15 CRLL  GO0DLN ‘RILL UPDRTE SPOT INFORMATION = -
WEF FRDD 159 ™ DM ;GO 70 NEXT DATAR LINE
: 16& -
wael ZACD 161 SKIP "MF L. CH CTHE LAST LINE® - -
P06 7440 162 7 DONE YES' SO WE JUMP TO THE FINAL CLERN-P
865 FEC1 162 IN 0L iNO! S0 ME RETURN TO "DLMP™ AND PR
00R7 EBDS 164 W DU ;EXAMINE THE NEXT LINE .
165
0069 JeBFARGER; R 166 GOODLN TMP SBOREGEBX.2  .ONLY THO TRANSITIONS? ..
, ME 7419 <7 E THON i 1F 50, SPOT 1S ON RIGHT EDGE § =
7R 629" P 168 P AL WIN P 1F NOT, GET NORMAL CENTER RECRLL THRT N
B-12 O




W= s MROPD ASSEMELEF IF ENTEF Az/24/89  PRGE g

PO uF S + INE SOURCE
tes AL CONTRINS SBCREGIEX+2)

WaATE T 17a IR N1 S TUMPTF (ALY 1S ABDVE YMIN. TE (VY FLAC = @
3

17z +RECALL THAT A CMP OPERATION SURTRACTS THE SOWPCE OF 2ND CPEFAND FROM THE

17 DESTINRTION OR 1ST OPERAND 1T DOES THIS BY RODING THE TWNS COMPLEMENT OF THE
174 - SOURCE OPEPRND TO THE DESTINATION OPERAND AND A CARRY-QUT FROM THE HIGH ORDER
s -BIT CAUSES THE [V FLAG TO SET TO @ BECAUSE OF THE SUBTRACTION OFEPRTION

s -AT LEAST THIS IS KHAT THE 888A DVES. AND THIS FLAG 1S THE SAME. IN THE 28%¢
1w - THEY SRY THAT AFTER A SUBTRACT OPERATION “CYy" IS SET UPON A CARRY INTQ(!':

173 . THE HOR OF THE PESIAT!

L
BATE. RT3 P 139 MOV YMIN.AL JTF ND TUMP THEN UPDRTE YALUE OF YMIN
W79 RHSTA00 3 181 Nl Moy Al SBCPEGI Rx+d ] , RIGNT EDGE OF SPOT
7D RGN 98 R 182 (N, 4 AL, YMAX
el 7212 183 Ie N4 JUMEOIF fALY TS BELOW YMAX. OF CY =1
waR: A2Ze0R F 134 M YMAX. AL CIF NO TUMP THEN LIPDATE YMAX
Ry FELI9A 185 Mp Nd CJUMP RROUND " THOX"
PR TERR2EA04 F 1R¢ THIX My YMAX. A4H JHILL BE ON FIGHT EDGE
BBt RRR7AZM R 157 MOY AL, SBCFEGIE+2])
Wi SRARZIAT 3 1as cMP AL, YRIN
A TR 184 I8 N4
WA9R H: 9k - {39 L0 YMIN. AL
ML g AR P 19 Nd CHF CL. ZMAY (AT THIS POINT 7 1S MERSURED DOWNWARD
L 18¢ Ie NZ JAND WE MUST COMPLEMENT 2 AT END
D ST T X 3 197 Moy ZMA%. CL UPDRTE 2MAKX
B9HS THAE2BWZ F 1% Nz CHp CL. ZMIN
PORY TTad 195 iG] N&
WARE R5E2RA2 [3 195 MY ZHIN. CL AFDRTE TMIN
QORF FEC 1 197 NY INC L
2.5 19¢ PET
199
PBZ L HAR2AATH 4 200 [WINE MY MIsc, A
AR7 BAF “FAAY F A CMP ZMIN. fdH
S S S THE NS
ARE CAR3AL R a L0 MIes. 1 CZMIN = AGH == ND SPRT. G0 SHOT NAS A HISS!
O Cramadong] r ond Moy BAD_MISS. 1 HE APE "FERLLY FINISHED"
Mk EETF90 285 NP RERD
AE REEZBYI0M 3 206 NS e ZMIN. ¢
w08 75a% 287 INE NE
« w2 CrAe220301 4 20¢ MOV (1A | -SPOT INCLUDED FIRST LINE ==> SHOT WAS HIGH’
W07 RATEZRAR0d R 209 N& CMP ZMAX. FdH
w7505 2l INE N7
MDE [raR249101 ¢ 211 MY DOMN. 1 SPOT INCLUDED LAST LINE == CHOT MRS LOW
20E° ARIE2Mm [ 242 N7 CMF YMIN- 1
waEs 75aS 21? ™NE NS
WA Caak22n.nl 5 214 Mo LEFT. {
WOEF RALE260TA4 P A9 N8 MP YHEX. ndH
oaFd 7545 MR INE FINI
Mk Cragz1aial F 27 MOy PIGKT- 1
AN
WAL B 219 FINI MOY AL, 654
WO CROGZHG . [ 220 SUE AL, 2MA%
1] BdeH 221 Mav AH. ASH
019% JAZA2RES F 22¢ SUR fH. Z8IN
_' A1RAT AZERAT F 223 MOV ZMIN. AL
) . B-13
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MUS-AG MR ASSEMBLER  IR_CENTER 02/24/89 PAGE 6 "
MUY A LINE SOURCE
AN B3262AA F 224 MOy 2MA%. A
nikE ne2983 [ 225 MoV AL, YMAX
o111 12862993 R 226 AbD AL, YMIN
115 SRLEESPe p 2 MOv BL, OFFSET_Y s HORTZONTRL ROPESIGHT DFFSET
Bl naT 208 ADD AL BL
L #1118 RZ2F03 3 229 MY TYCNTR, AL s YCNTR IN MALF-PIKELS FROM LEFT SIDE OF SCREEN
A11F R2m100 F 23 MOy B.Y. AL
dL21 Bdnd &1 MOV AH, 100
T IREa i Uk AN, FL
MIS aacd 233 MOy L. AH
Wl 3 34 Iy
1126 AR20A8% 14 225 MOV GREY, A% ,GREY +IVE TO THE RIGHT CAMERR INVERTS
W26 R@2RET R 23 Moy AL, ZMRX
w128 620862863 [ 237 ADD AL 2NN
132 SR1EAGER P 238 Moy BL.OFFSET._Z
ALTR B2 239 DD AL, BL
Bl.8 R2Z27TA3 R 240 MOV ZONTR, AL i ZCNTR IN HRLF-PIXELS FROM BOTTOM OF SCREEN i
#4138 A26208 R 241 M B.Z AL :
A13E B4rd 242 MoV AH. 186
Wi48 2REA 243 Sug fiH, AL
42 SACY 244 MoV AL. AH
v144 39§ 245 CBW
i a145 ARZES3 R 246 nov GREZ. fiX iGREZ +IVE TF HIGH REF. MCDONNEL-DOUGLRS
. w145 BaAL 247 REFD MOV AL:1
A14R A2AZ08 P 243 nov DATA_ROVL, AL 5 THIS TELLS THE SLAVE PROCESSOR THAT NEW
249 ;DATA ARE RERDY.
14D {F 2% POP DS
M4E 5D 21 POP oy
AldF 2 252 RET
4 : %2
7 YZENTR  ENOP
259
'5 : = 2% CNDE ENDS
257
258 END ,
ASSEMBLY CIMFLETE, NO ERRORS FIUND -
-
i 7
. /.
-
e

4




FLAM-Se COMPTLER  MATN. DRALON MULE

Teis-10 PL/N-30 V2 1 COMPILATION OF MODULE MRIN_DRAGON_MODULE
UBTECT MADILE PLACED IN  F1 DPRGMN 0BT
COMPILER INYOKED BY  F(MEc FL OPAGMN PLM DERUG ROM IXREF DATE - 1a/81/1@8»

T
q l
s 2
r 1
8 2
v"‘ l
;' @ 1
T
o2
131
RN
51
15
"
121
19 2
» o1
g Vs S
2 2
ol 5t
u o1
! -
. J
5 1
s
|
<
L_‘L PR Y. L

MAIN_DPAGON_MODILE DO,

AR oK kAR R KRK ook «oh

{OFF-BOARL: ADSOLUTE ADDRESSES

ok /!

AR AR 8 ORROKRR s 0 %

DECLARE "H_MIS_RSC 1. Y_MIS_ASCIT. X_MIS_ASCIDY (45) BYTE AT (ARG2GH).
FEL. _SHOPT BYTE AT  PAGLEN):

Sbkpnas s eppnioosswakor END OFF-ROARD ARSDLUTE ADDRESSES #tokiokimkkiiokickaiank,/

UECLRRE «H_MISS_HEX. ¥_MISS_HEX, X_MISS_HEX INTEGER EXTERNAL. T BYTE

SHOW_THRUSTERS  PROCEDURE EXTERNAL.
END SHOM_THPUSTERS:

MISS_COMMENT  PROCEDUREHEXSADR, DECSADR. DIRECTION EXTERNAL:
DECLARE (HEX$ADR. DEC$ADRY POINTER, DIRECTION BYTE:
END MISS_COMMENT,

DECLARE ®T LITERFALLY & . LT LITERALLY ' .
UP LITERALLY 2 . DN LITERALLY 3.
SH LITERALLY ¢ .

DECLARE FOREVEF LTTEPRLLY “WHILE 1°. NO_TRIG_PIL LITEPALLY
“INPUTCPORT B AND 1°. ACTION EVTE,

V_FEPRISE PROCEDURE EXTERNAL,
END V_REPRISE.

«_REFPISE PROCEDURE ETEPNAL.
END H_REPRISE,

TIME_DELRY  PPOCECIRE HOW_LONG Y EXTERNN .
DECLARE HOW. L ONG LR
END TIME _DELAY.

SETPFT  PROCEDURE EXTERNAL.
END SETRET.

SOUND  PROCEDURE (K THDY EXTERNAL.
DECLARE kIND BYTE.
END SOUND.
DECLARE INTTIAL_BANG LITERALLY 7. GYROLSTART LITERALLY "1
DECLAFE AEM LITEPALLY 2. DISARM LITERALLY '3,
[POP LITERALLY '4°. NO_DROP LITERALLY '§’.
FINTSHED BYTE EXTERNAL.

DECLAVE PORT_A LITEPHLLY "BCSH".POPT_E LITERALLY ACAH'.

B-15
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PL/M-do COMPILER  MRIN_DeRAON_MOGULE

’]
-~

44

45

4

47

-t

o

PORTC LITERRLLY  OCCH. CONTROL LITEPALLY “@CEH”:

YZONTR  PROCEDAURE EXTERNAL.
END YZONTR

PR1_SET PRICEDURE EXTERNAL. /% SETS UP PORTS.A & _C OUTPUT. PORT.B INPUT %/
END PPI_SET.

FLIGHT PRUCEDURE EXTERNAL:
END FLIGHT:

INITIATESVAF  FROCEDURE EXTERNAL.
END INITIRTESVAF.

PEY ) L) A0k ok
PROGRAM STAPTS

AR RRAOKOK b R AR AOR RN KON HOR R NOR A /
START_P-

CALL PPI_SET.
NUTPUTCCONTROL» = MI_DROP 7+ DRIVES PORT_C BIT-2 HIGH & J1-28 LOW =/
OUTPUTCCONTROLY = ARM;  /» DRIVES PORT.C BIT-1 LOW & “J1"-22 HIGH */

/% FPOBABLY NOT NEEDED --- PORT_C COMES UP LOW FOLLOWING PPI_SET */

BT =0T7105

HMIS_RSCTICD =
END.
UALL INITIRTESVAF. <% FOR DRAGON FLIGHT /

DO WHILE NCO_TRIG_PUL.
ENO.

CRLL SQUNDY GYR)_STERT).
CRLL TIME_DELAY «5c@);
DUTPUTCCONTROLY = DROP.
QUTPUTCCONTROLY = DISARM.
CALL SOUND: INITIAL_BANG).
CALL SETRET.
DRAGUN_FLYS D0 WHILE NOT FINISHED:
FALL YZONTR;
CRLL FLIGHT;
EMD DRAGON_FLYS.
IF H.MISS_HEX © 2 THEN CALL MISS.COMMENT(@H_MISS_HEX, BH_MIS_ASCIL. PT™:
iF H_MISS_HEX -0 -2 THEN CALL MTSS_COMMENT(BH_MISS_HEX, 8H_MIS_ASCIL.LTY
(F Y MISS_HEX » 2 THEN CALL MISS.COMMENT(@Y_MISS_HEX, @Y _MIS_RSCIL. 1P
IF W MIGS_HEX ¢ -2 THEN CALL MISS.COMMENT(BY_MISS_HEX, @Y_MIS_ASCIL. INY;

IF V_MISS_HEX < =24 THEN

ig/e1/18 PAGE 2




PL/M-S6 COMFILER  MATN_GRAGIN_MIDLE 16/91/48  PRGE X

e DRIF _SHORT - DU

o7 *_MISS_HEX = TARICX_MISS_HEX).%:

w2 CHLL MISS_COMMENT (@K_MISS_HEX. @\ _MIS_ASCIT, SH.
ny ) FELL_SHORT = 1.

ee END DROP_SHORT.

&1 ELSE FELL_SHORT = @

ns L CALL SHOW_THRUSTERS

31 RCTTON_WAIT % WAIT FOF  PEPRISE =/
DO FOPEVER.

a RCTION = NQT CINPUTCPOPT_B) ),

2 IF ACTION = 2 THEN CALL H_PEFFISE.

s 2 IF ACTION = 4 THEN CRLL V_REFRISE:

-e

o

END ACTION_WAIT:

RS ¢ END MAIN_DRAGON _MODULE.

MODULE INFORMATION

CUDE ARER SIZE = 818t 3850
CONSTANT AREA SIZE = @adoH ap
VARIABLE ARER SIZE = @982H )
MAXIMUM STACK SIZE = @@8CH 120
125 LINES RERD

@ PROGRAM ERRCR(SY

END IF PL/M-BA COMPILATION

B-17




ru/M-An COMPILER  DRRGON_UTILITY

DS FL-gE 2 1 COMPILRTION OF MODULE (PAGON_UTILITY
B T MODULE PLACED IN  F1 DRAGUT ORT
COMPILER INVOKED gv PLM36 F1 DRAGUT PLM CERUG ROM IXREF DATE (B2/24/@9)

DEVWGON LT ITY D

R VYL IR PR YRR R RNt TS Noh
DFF-BOAKT ABSOLUTE RDDRESSES
EOb e AR AR AR SO R K Ok S x '/

DECLARE + ACTUAL _THRUSTEF_ASCIT, IDFAL_THRUSTER_ASCIIY (245 E¥TE AT (GRASBH).
DUMMY BYTE AT CBRA20H).

e doplok bk ckiokok NG OFF-BORRD ARSOLUTE ADDRESSE Sk 4

DECLARE  COUNTER® LTTERALLY '8D3H . COUNTERY LITERRLLY “@D2H.

CONTROL LITERALLY “@0eH": #+ SEE PAGE 3-3 IN 86/12 MAN »/
{ECLARE CNTROMOLE LITEPALLY '34H’. % 2 BYTES, MODE 2 */
CNTRAMODE CITERALLY “74H" /% 2 BYTES, MODE 2 +/

S T PROGRAM THE 5293

X PROGRAMMAELE INTERVRL TIMER OF "PIT" NOTE THRT */
‘» THE INPUT FREQIENCY T

0 CLKA 15 4 23 MHZ ==> AN B1Z NANOSEC PERICD »/

DECLARE LOW@ LITEFALLY Bn <+ COUNTER 8 PERIOD IS 5 MILLESECONDS */
HIGHB LITERALLY 18K

% NOW WE WILL CONNECT OUT® TO Ciki BY TLMPEP 59-61 INSTEAD (F THE
DEFRULT COMNECTION, WHICH IS 59-€8 */

DECLARE LoWl LITERRLLY 5FY° S+ COUNTER 1 PERIOD IS 5 MINUTES »/
HIGHT CITERALLY ~@EAH . =G

DE/LARE TIMESLATCHR LITERALLY “didH- “« A COUNTER 1 LATCH PAGE 3-13 OF 8o/lz »/
LISTIMESBYTE. MSSTIMESBYTE. BYTE PUBLIC.

DECLAFE TIME HDDRESS PUBLIC

DECLARE LOWSTIMESBYTE BYTE AT ¢ TIME:". HIGH$TIMESBYTE BYTE AT C TIME + 1):

TIMER$START PROCEDVIRE PUBLIC

OUTPUT CONTROL »=CNTPEMD{E, /% SET CHINTERS @ & 1 MODES «/
(UTPYT(CONTROL *=CNTR1MODE,

QUTPUT COUNTERG =L OWA: % INITIALIZE COLNTERS */
QUTPUT(COUNTER@) =HIGHA.

DUTPLIT COUNTERD 2 =LKL

NUTPUT CCOUNTERL ) =HIGHL.

END TIMERS$START.

PLOCKSPERD  PROCEDLRE RDDRESS PUBLIN. /% GETS THE CONTENTS OF COUNTER 1 */
NUTPUTCCONTROL 1= T TMESLATCH;
LOWSTIMESBYTE=INPLT (LIHINTERD).
HIGHSTIMESBYTE= INPUT (LLINTERL).
RETUPN TIMES
ENC CLIVEERERD

TECLAPE  IDEAL SSTONT. TRRGET_SSTCNT) INTEGER EXTERNAL.

B-18
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]

FLOM-EE COMPILEF  OPRGONUTILITY #2r24/8% ok ¢

"« N B PEFERENCES ARE TO ISCE Be./12 938545A «
S DECLARE PRI_CONTROL LITEFALLY “@CEH’. BUS_FREE LITERALLY “9BH-;

& ! DECLARE SENARID BYTE AT (i@,

P TAPGET_LI  PROCEDIRECID: INTEGEP FUBLIC.
x DECLARE D EVTE. /% 10 IS IDENTIFICATION OF H.V. 0F ¥ TERe &
A OECLARE POSITION INTEGEF.
W 2 IF SENARID = ‘R THEN
T SCEME_A- DO:
% 3 IF 1D = 1 THEN
w2 THRG_H DO; 7% REPERT FOR V AND ¥ 0F TRRGET #/

| W4 END TRRG_H:

4 ¥ 3 RETURN POSITION.
% 2 END STENE_A.
¥l IF SENPRIC = "B THEN M ETEETE %
W 2 SCENEE DO,

z ¥ 3 END SCENE_E.

8 > END TARGET_LOC.
a1 INIT_STEFFEF  PPOCEMIRE FUBLIC.

H w2 IF SENARIO = R THEN
a2 INIT.A DO,
a4 3 END INIT_A:
s 2 IF SENARIO = ‘B THEN /% ET0. ETC #/ ]
% 2 INIT.R DD,
7 3 END INIT_R.

8 2 END INIT_STEPPEF.

91 HX2AS PPOCE[IRE vREX_ADP. RSCTI AR PUBRLIC.

e 2 DECLARE ¢HEX_ROR. ASCLI_ADR + POINTER. HEX BASED WEX_ADF INTEGEF. 1
ASCTT BASED ASCIT_ADR «5) BYTE. *N.M) BYTE. PEMAINDER INTEGER.

5t 2 HET = [RESCHEY .

o 52 2 DO N=A T0 4,
8. M= 4N
k M 2 REMAINDER = HEX MID 10 + oM.
1 $ 3 RSCITUM: = LOWCUNSIGN: RENRINDER 1.
%3 HEX = HEX/18:
% 3 END:
8 2 N=8;
9 2 DO WHILE ASCIT-NY = JOH AND N¢S. '+ REPLACE LEADING ZEFUES WITH BLANKS x
. M3 ASCIIINY = 20H.
2 N = N+t
] ) 62 3 END:
L X END HX2HS.
LC I | SHOW_THRUGTERS. PRIV EMMIFE FIBLIY.
} . (ST FALL HXZAS(ATHRGE T _SSTONT. @ACTLIRL _THPUSTEP_RSCTT .
P P B-19




PLM-2n [OHF(LER DRRH_UTILTTY

i B> X
X L T~

.

»

I3

R

[N A

)

ACTURL _THRGSTER RSCTIeTy = 7
ALTunL THPUSTER_ASCI[vEY = A

ACTURL. THRPUSTER ASCIT T
RCTLNL _ THPUSTER _ASCTI S
ACTLRE _THRUSTFR _RSCTI(9
ACTURL _THPUSTER_RSC [0 4@y
ACTURL  THRUSTER RS
ACTUAL _ THR 2

AL TURL . THRUSTER _ASCTTO Ty =
RCTUAL . THRUSTER #5114
ACTURL_THPESTER_ASCI T 1D
AU THARL _THRUSTER.ASCITC1ed
M TUAL  THRUSTER_ASCIT L7 =
AL TURL _THRUCTER Rl i1l =

"wou

N

n
T T, —4

non

[od I o o BN 2 ISend

PALL S92f50e DEAL _SSTONT. BIDERL THF iSTER _ASC 1T,
10BAL _THRUSTER ASCIT S o T
IDEAL _THRUZTER _RSCTTAS
I0ERL_THRUSTERP ASCITT
IDERL _THRUSTER ASCTIVEY

"oy
e &

[OERL _THRUSTER_ASCIT(9) = "&%
TOEAL _THR=TER_ASCIT(EY = 7T,
[OFRL_THRUSTEP_ASCIT(ALY = -E .
IDERAL_THRUSTEP _ASCI1(12) = "R,
(UERL_THRUSTER_RSCTTAL:: = &

TDERAL _THRUSTER _Pi11(14)
[DERL _THRUSTER _ASCTI(1S)
IDERL _THFUSTER_RSCIT 160
IDERL _THRJSTER ASCITALT)
10ERL _THRJZTER ASCTT 1R '
TDEAL THRUSTER _ASLIT1® -

TOERL _THRUSTER _ASCIT 20 -
TOERL _THRUSTER ASCTI 21

[T U T T )
nm =

'
<

"

END SHO_ TR i ZTERS
MISS_CUMENT  FROCE0HRE HEX$ADP  DECER0F. DIRECTION® PUBLIC:
DECLAREHEXSADP  LECEADR . POINTER,

PHERZE FHSED TRMEADP 16 EYTE. (N, DIRECTION: BVTE.

TALL HAZRSCHENSRDR DECEATE

PHRASE: 5+ -

PHRRSE k) = F
FHRRASEIT = F
PHFRSES 0 5 €

{

FHRASE 9
PHERCF (1h . =
Ty vHSE DIPETTION,
0
PHRERSECLT = ¢
FHRRSE (1.« = 1
PHPRSES 1 -
HPRSE L4+
PHRRCECLS - T
FND
M.

B-20
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r

o
(5

Ly
1y

T4t

177

17
L4v
141

14:

144
145
146
47
142

143

1%
191

1

154
1%
157

e

i
148
14
162

R SIS CCTR S R4

FS A

1

(o]

FHRAAE L1

FUBHSE 1D ¢ ¢

FHFRSE 1D -

FHRASE (4 -
FNL-

XN

[

FhERSE s
PHEHCE
MHPRSE 1
FHRASE 40 - w

END

G
FHPRSE L1 = !
PHRASE 120 =
PHRRSE L2 -

ENL:

[,
PHRASE: 11
PHFRSECLE -
FHRASE LT =

'

noon
.

b

PHRASE 14+ = P .

PHRASE 15 = T
END.

END-

END MISS COMMENT,

SULNGE PROCECIWF + WHAT » IND FOBLTE
DECLARE wiRR _r IND BYTE. FOPT_R LITEFALLY @0 .
UTRUT fPORT_B o = WHAT_Y IND. S SOUND COMMAND QUTRUT THRU FORT_G » -
OUTPLT FRT_CONTROL Y = SETS PPI PORT.C BIT & FOR SOUND CONTROL »-
DUTRUT (PR _CONTROL - = “ EXTRA ONES FOR & MICPO-2EC TIMING +
MUTRGT PO _TONTROL
DATRLT RRT_CONTROLY =
END SN

-

|
1
t.
B o+ PESETS PR RORTD BIT & #-

ON_BF{_SET  FODCECURE  SEMR4_FTR. &iT) PUBLILC.
DECLARE ZEMA4_FTE POINTER. BIT BWTE.  BUS_LOCK LITERALLY @4 .
AN EBOE25% -5 WHEN PESET + =Ry, RSSERTS THE BUS "IMERFIDE © «
w -EFER TQ PAGE 3-16.-17 FOR PRT PORT_C BIT SET/RESET +/
DECLARE TEMP BYTE. SEMAJ BASED <EMRY4_FTR BYTE.
TEMWF = L.

IF BIT = 1 THEM 3ET_SEMR4

[nr WHILE TEM - ¢
FIFST vAECH [ WHILE SEMR4 = 1. % WRIT HEFE 10 AWDID FEPERTEDLY LOCK ING/UNLOCK TNG BUS *
ENC FIRST CHECK.

DUTPUT PE] CONTROL Y = BUS_LOCK. ‘& THIS PEORSTS A BUS-LICK WHEN WE ET TONTROL +/

TEMP = UMY, v WHEN THIS EXECUTES. WE HAVE CONTROL OF R LICKED BUS

TEMP = SEMAG.  “* SAYE CURPENT RIT OF THE SEMR4 +

SEMAd = 1 w SEMAd TS NOW SET  WILL DETEPMINE LATER IF WE DID 17+

DYTRUT PP _CONTROL » = BUS_FPEE /¢ IF SEMA4 WEFE OFF-BRFT. COUAD PEPLACE THESE «/
A& LRST FIVE STEPS WITH "LOCKSET/SEMRA_FTR. 1 v

B-21
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PLAM-50 COMPILER  DRAMON LTI T UESSC R SV

A%CIF SEead MR CET RNOTHEP MRSTER DID IT. SO MUST WAIT TILL USER FESETS IT »/

N END 5E7_SEMR.
nd 2 IF BIT = & THEN CLEAP_SEMR4" [
N THITPAT PR _CONTROLY = BUS_LOGK:
I EI TEMF = DLIHMY:
(G SEMAd = @ /v RSSUMES PROGRAM NEVER CLEFRS SEWR4 UNLESS SAME FROG SET IT /
ga o OUTPUT/PRT_CONTRALY = BUS_FREE:
IECI END CLERR_SEMFd.
o
172 RETHRN., '
e 2 ENDY TN BRDSET.
1721 PRISET PROCEDURE PUELTC.
74 2 il
175 3 CECLAPE PPI_MODE LITEPALLY “32h. /% PORTE A & C OUTRUT B INAUT #/
% REF PRGES 2-19 & 115 #/
17 2 DECI APE SFLAG LITERRLLY @ . /% PESETS POPT *C" BIT @+
co WHLCH DUTPUTS f 4" FRON 7dinh. SETTING THE "SDUND-FLAG" T 8745 v
Ea SUTPUT/FPICONTROL) = FPLMODE, 7+ ALL PFT CUTPUTS GO L0 INELLING
PORT-C. BIT-S. WHICH ASSERTS THE MULTI-BUS "IVERRIDE © %/
. DUTPUTCPPI_CONTROL) = BUS_FREE: /% NEGATES THE MULTI-BUS OWERRIDE »?
e QUTPLT(PPT_CONTPIL = SFLAG;
L ENQ.
Wz END PFI_SET,
5 1 TIMEDELAY PROCEDURE HON_LONG) FUBLIC:
SE; DECLARE HOW_LONG. TEST_WORD) WORD:
184 2 LODPA DO KHILE HOW_LONG > &
e TEST_WORD = 29,
ter - LOOFE DO WHILE TEST_WORD - @,
E TEST_HORD = TEST_WORD -1,
138 4 END LOOPE.
By HOWLLONG = HOW_LitG = 1.

1% END LOOPA.
191 END TIME_DELAY.

"o

fag 1 END DRRGON_LITILTTY.

WILLE INFOPMATION

TULE AEER STZE = B47H 114D
CONSTRANT HRER S17E = D00eH ap
VAPIABLE ARER ~IZE = BBGEH 140
HAXIMUM STRCK SITE = BOLAW b

4 S PERD
W PROGEEM ERROFS )

END IF FL M- TOME[LATION

B-21
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WS~2n MACRG RSSEMBLER  RDPSB f2/24/08  PRGE

PSIS-11 MOS-86 MACRD ASSEMBLER ¥2 1 RSSEMBLY OF MOLULE FDRSR
NETECT MODULE PLACED (N FY MoRGs~ OB T
FsoEMELER TNVOMED BY  ATeRe FL DRAGRE SPU OERUG DATE «@2/24,09)

Liw fd CINE SRR
! THIS PROGFRA. STRPTED SEPT 5. 1979 PEADS OHTR FROM Tht PETICON RSBRGCH
< INTERFALC EQARD INTO THE B6/12 MEMORY PEFERENCES ARE:
’ 1 #SBonc@ OPEPRTING INSTRUCTIONS. MARCH 9. 1973. EGRG PETICON
4 SUNNYWRLE.  CRUIFORNIA
s 2 MIS-8c ASSEMBLE LANGUAGE REFERENCE NRANUAL. ¥9SERG4ER.
" INTEL COPP. SANTR CLARA. CALIFORNIR

Ed [T IS BEING CLEANED WP R EIT FER 20, 1981

a

1e EOURTES AT TP OF PPOGRAM PER P 8~1. FEF 2
1l

1z NemE FDPSE

L OPOUF  fPOUF DATA. STRCHY. SRC_REGS, RSB.REGS
14 CGROWP  GPOLFE  CODE

15
i te INMSE B /L CSET UP FOR CAMERA L OMLY SEE F 19. PEF 1
W G 1w LINES B 108
a1 {3 ENDFF EQU 1M SMASK FOR THE 2-TO-THE-4TH BIT. £ 45. REF 1
19
29 ASSUME 55 DOROUP. TS CGROUP. DS DAROUF. ES DoPOUF
A
———- < SBC_PEGS SEGMENT COMMON -NOTE THAT "COMMON® FILES MUST BE
&z (COMMON [N ALL MODIRES. T E CAN T BE
g 24 SECREG DB 304 DUP ©7) ("AT" IN ONE AND "COMMIN® [N ANOTHEF
&5 JTHEY D0 NOT.  HOWEVER. HRYE Tt BE PLINTED
-TD BY THE SAME CEGMENT PEGISTER IN BOTH
z CMOCULES. NOR DO THEY HAVE TO
] -OF THE SAME LENGTH
A2 6 29 FRETLY_OFF bR r P - INITIRLEZE = @
WF 8 K LOCRTTONG be LN LL RN  INTTIRLICE = 1
- - B SBIC_PEGS ENES
- - B POR_REGS SEAMENT AT aEmem BASE AOORESS NF PETICON ROARD 1S AFdpoM .
Wwg <L 4 FSROTR DR 2004 DUP 7
Az | 9 STATL  IF 1 0UP CTHIS FOPM 1S MECESSARY T AVE D LOADING EPROPS
wnt o Ll 3 STRTZ DR BBH P (™
L 27 FESEY (& PALL

B-22




WS-36 MCRD FGSEMBLER  RDRSB p2/24/89 PRGE 2
! LI bJ LINE  SOURCE
0206 <1 % OGS R 1 DR (M
m
)
220F 1 @ PROCOM OB 1 0P <7

am

—_—- 44 RSB_REGS ENDS

41
- 42 STRCK  SEGMENT STRCK  “STRCKS
o (10 43 DM 10 0P (7
ym
)
@14 44 STKTOP LABEL  WORD
- 45 STRCK  ENDS
46
47
—e— 48 CODE  SEGMENT PUBLIC CODE’
49
58 PUBLIC INITY
0608 il | INITL  PROC  NERR i INITIRLTZRTION OF RSB 6828 INTERFACE BOARD
8000 A20C82 R 52 RYINIT MOV FESET. AL iRESET 1S A "DUMMY* REGISTER. ALL 1T NEEDS
3 C6P6RER201 R 53 My CNFGAS, INMSK. i TS THE “MWTC/" PULSE FROM P1 420
PORG A2AFB2 14 54 MoY PPOCOAM, AL JPROCOM 1S ALSO A "DUMMY™ REGISTER
9868 3 RN RET
Sh INITL  ENDF
s7
58 PUBLIC  PD_RAST
A 59 PD_FRST PROC  NEAR
0L AW a? 3 of LAST mov PROCOM. AL “WILL RAIT FOR LAST RASTER LINE
B00F B00a2 F (3] WTLPE MOV AL STATL FPOM HERE TQ CHECK 1S ST/D NUCMCY
%912 0BEG b SHL ALt
0914 7393 n3 INE WILP3
#0816 R20FA2 R 64 psPrR@ MOV PPOCOM, AL
2819 HOP9R? ¥ &5 WTLP? MOV AL. STATL
#1C DoEe 66 SHL AL 1
PB1E 7206 67 B CHECK
9329 DeE9 €& SHL A
- 802z 72FS €9 It WILP2
9024 EBFO 7 e PSPRE
8826 Reo3ee R kN CHECK MOV AL, RSBOTAL 2]
7029 2418 72 AND AL, ENDFR
2B 740F 732 X LRST
74
75 JHAVING FOUND THE LAST LINE OF THE FRAME, WE WILL TRANSFER THE PETICON
76 ~DRATA. LINE-BY-LINE THE THE INTEL 8612 BOARD. EACH LINE TRANSFERRED STARTS
4 ‘WITH R "NEW COMMAND CYCLE" RS PER PAGE 4@ OF REFERENCE 1 °
. 7R
Wb Bled 74 MoV BL.LINES ;WILL DECREMENT FROM 10@ TQ ZERQ
20F EBF 0090 [ 89 My D1, OFFSET DGROUP : SBCREG
21
M AzoFu R 82 NUCMCY MOV PROCOM, AL ‘RGAIN, PROCOM IS R DUnety
wass ROABAZ P 83 WILPL MOY AL. STRTL
293¢ DAEQ 84 SHL ALl
9928 7203 8% e HILP
B-23
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~ | |

MCS-86 MACRO RSSEMBLER  RDRSE 82/24/89 PAGE 3
Loc oeJ LINE SOURCE
9930 h20Fa: P 26 PSPR: WV PROCOM, AL
903F ABBROZ R 87 WILP:  MOY AL, STATY
042 DAER 28 SHL [ W81
0044 7200 89 1B omnp
8046 DOES % SHL ALl
048 CFS Ll B WILP
804A EBFO 92 ™ PSPR
93
94 NOM TRANSFER R SINGLE LINE OF RETICON RSB 6826 DRTR TO THE INTEL 86 BORRD.
%5
2904C NABes R 9% 0P MY AL, RSBDTR S TRANSTTIONS IN THE LINE
04F %4 P XOR AH. A
8951 49 38 INC fx i NUMBER OF WORDS TO XFER
2852 Dikyw 99 SHL fAx. 1 ;%2 NUMBER OF BYTES TO WFER
2354 8BLR 166 i C¥: RX
W56 EEMRRR 4 101 my S1, OFFSET DGROUP:RSBOTA
959 F3 182 REP MOYS  BYTE PTR SBCREG [DI]. BYTE PTR RSBDTR [€])
B95A A4
9858 FELE 183 DEC BL
8850 7903 104 N NUCHCY
165
889F L1 196 RET
197
108 RD_RAST ENDP
189
- - 110 CODE  ENDS
111
112 END

RSSEMBLY COMPLETE, NO ERRORS FOUND

B-24 C
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COMPUTER GRAPHICS AND VIDEQG SUBSYSTEM PROGRAMS
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%¢86/8057/265% MACRO ASSEMBLER  MATROX 04/17/69 PAGE 1

SERIES-ITI 2303/ 957/6688 MACRO RSSEMELER Vi @ ASSEMBLY OF MODULE MATROX
OBJECT MODULE PLACED IN :F2:MATROX 0BI
INVOCATION LINE CONTROLS: DEBUG

LX 08J LINE SOURCE
NAME MATROX
CGROUF GROMP  CODE

DATA_GROUP GROUF  DGROUP, DATR_SEG, GRE_SEG

RSSUME  CS.CGROUP. DS :DRTA_GROUP

PUBLIC BACKGROUND, MATROX_STRRT_UP, START.BIT, X_Y, DRTR_READY, ERROR
PUBLIC XCNT. YCNT, BRD_MISS, FIRE_BIRD, THRUSTER_FIRE

EXTRN  SMOKE_SET: NEAR, GRE_GT_FOV:NERR. GRAPH_VREP :NEAR

EATRN  GRAPH_GRE_PDINT: NEAR, GRAPH_HREP :NERR

EXTRN  SMOKE_CHECK NERR

EXTRN  GRAPHL NEAR

EXTRN  SMOKE_START_UP: NEAR

mene
PO © W& ~ TS L

14 EXTRN  GRESTRRT_UF:NERR
{5 EXTRN  COUT-NEAR
16 EXTRN CIN-NERR
17 EXTRN  HIT_EXPLOSION:NEAR, GROUND_EXPLOSION NERR
18 EXTRN  TANCINIT-NER, TANK_KILLED NERR
19 EXTRN USART_SET_UP_FOR_AON: NER
@ EXTRN DELAV_3-NEAR ;46OMS DELAY FOR CLEARING RETROGRAPHICS SCREEN
21
- 22 OGROW SEGMENT PUBLIC ‘DRTA’
20 DROP ENDS
24
% DATALSEG SEGMENT PUBLIC
% EXTRN  H_REP_FLAG: BYTE, V_REP_FLAG: BYTE
% DRTASEG ENDS
28
X PESEG SEGMENT  PUELIC
3@ EYTKN ELAPSED.TINE MORD
N GRESEG ENDS
2
3
14 W WD EW 4
oy I WEG EW  i6H
oo % GSCAE EQU 1M
0812 ¥ SROLL EW M
812 % FLAGS EN 1M
o014 9 ERASE EW 1M .
@
4 DATA.SEG SEGMENT PUBLIC
2
00 (1 QXN 08 10RO ‘
%
)
L (1 44 YUNT 08 1 DUP(”)
%
)
o062 (1 S KONT.OLD DB 1 DR

”m

c-1




2uBE/Bi87/3088 MACRO RSSEMBLER  MATROX 84/17/69 PRGE ¢ -
W 0B LI SOURCE .
) -
82 (1 46 YONTOLU 08 1 DU -
ried
Wad ¢ L 47 XCNT_SRVE b 1 DUP(Y)
¥
3
2005 48 YCNT_SAVE DB 1 DUP(?)
”
)
odee (1 L GSCALE. VAL ] 1 DUPCD)
»”
)
o087 (1 ) GSCALE.NUN 0B 1 DUP(D
?”?
)
g L B2 THRUSTER_FIRE DB 1 0UP(D)
”
?
o9 (1 32 SIZ Du 1 DUP(D)
1777
6688 1 R XMIN D 1 DUP(Y)
ey
poel 11 % N M 10RO
1M
o0 1 S5 W 1RO
v
Al
011 (1 % YK N LD
pledniel
13 1 ST XRK_TWP M4 DD
¥y 2l
)
15 4 S8 MIN_THP o 1 DD
»
)
a7 ¥ THP_IRD D 1 DR
»n

19 (1 9 ONE_THIRD M 1D
tie e ]
)

oMB 6 THOLTHIRDS DM 1 DD
YV

o011 <1 €2 THREE DB 1 DU
7“

oE (1 €3 COUNT_EM B 10RO
»
)

c-2
-’ -




£836,/0887/9863 MACRD RSSEMBLER  WATROX M/17/09 PAGE 3
LoL OBl LIN  SOURCE
AF 1 64 BACKGROUND 0B 1 DUP()
9
w2e (1 65  GSCALESAVE DB 1 DUP(?)
o]
)
8021 (1 66 COUNT 08 1 DUP()
»”
1 )
%22 1 67 BLINCCONT DB 1 DPCD
982 (1 68  REPLAY 08 1 DUP(?)
ok
)
024 (1 6  ERROR DB 1 DU
e ls) A
, !
#0251 76 ERROR_MESG.FLAG 0B 1 DUP(?)
el
W 1 21 GRNOBIRDFLAG 08 4 DUP(D) /
o] ;
M 1 72 HIT.FLAG DB 1 DUP(Y :
, Y |
_ K o1 73 DIST_FROTGT.FLAG DB 1 DUP(®)
i ,
9928 (1 T4 RESLTSFLAG DB 1 DD
ol {
) i
02 1 TS THRUSTERS.FLAG DB 1 DUP(?) i
. M <1 % TR D 1 DUP(?)
7%
)
»2 77 YANGSCALED DN 1 DUP(Y)
27
b
WF 78 ZNG.SCRLED  DW 1 DUP(Y)
VI
9034 1 79 VANG2.OLD O 1 DUP(D)
itk
. f
wa33 8 ZANG2.0LD W 1 DUP(?) ;
' i
P d Bl OVNGLSRYE DN 1 DD |
, /'7‘,/ ‘
' N A 82 2ANGZ.SAVE N 1 DUP(D
. c-3




$036,5077/8688 MACRD RSSEMBLER

ALY

8039

A43h

8a:p

993t

BO3F ¢

349

w5

310

31

w14

wgad (

061

beaks
3

1
2777
K

il
oy
Y

91
7

]

u

7

o -
P

~ S~ e
RN«

R R N
Q- S - 3 =
3 N3
- ~F

LINE

54

8t

8r

88

A

92
X

b

95

®

g7

160

181

192

183

MATROX

YANG2

ZRNG2

FLAG

POP_LEVEL

BORE_SIGHT

START_UP_BYTE

DATASEG

¥FER._SEG
START_BIT

XY

DATA_READY

BRD.MISS

OFFSET.X

OFFSET.Y

ZANG

BIRD_DTRROY

vB

DE

DB

ENDS

1 DUP(D

1 DUP(D)

1 DUP(?)

1 DUP(Y)

1 DUR(D

1 DUP(T)

SEGMENT

L]

DB

0B

D8

DB

1 DUP(D

1 DUP(D)

1 DUP(?”)

1 DUP(D)

1 DR

1 DUR(?)

9 DUP(D)

1 DUP(?)

1 DUP(Y)

1 DUP(?)

T 8686H

[ Y

—

04/17/89 PAGE




¥

~ e ——

} .
| | 366/%a67/5653 MACRU ASSEMBLER  MRTROX
|
1
LT 0B LN SOURCE
o915 (4 184 FIREBIRD 0B 1 DU
”
3}
ot 1 105 BIRD_HIT 0B 1 DUPCD)
R
L7 1 196  BIRDMISSES DB 1 DUP(D
15 11 107 HREP_REQ B 1 DU
2
%019 <1 198 H_REP_GO B 1D
Yl
)
81A (1 199 Y_REP_REO 0B 1 DU
?
M91E L 149 Y_REP_GO DB 1 DUPY
i
wc 1 11 GRND_BIRD DB 1 DU
”
J
01D 1 (12  ENDFRPY DB 1 DUP(Y
”
)
oOiE A4 112 HIT_SHORT B 1 DR
7
w1F (1 4 DUMVALSO DB 1 DUPCY)
»
)]
0026 (16 1S  HMISASCIT DB 16 DUPCY)
”
w036 16 1§ VMISASCIT 0B 16 DUPCY)
»
! )
w40 (16 47 DISFROTGT DB 16 DUPCM
»
',\
959 124 1S RCTURLTHRUST DB 24 DUPCH
”
)
0065 (24 149  IDEALTMRUST DB 24 DUP(D)
”
. ]
I 120 XFER.SEG ENDS
121
122 STACK.SEG SEGMENT STRCK  *STACK”
{ 2000 64 13 OW 64D DUP(?)
L Ry
{ 124 STKTOP LRBEL  WORD
.- c-5
. o -
e e D M T - T

84/47/89 PAGE
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3AEC. 3867 /RA83 MACR( ASSEMBLER

Bae 47924F S94E4420
494099414754

el 10

BA9E

QORE 40495357 494045
20564F 53495443
SF4E2845564245
5444544204752
41504520424F55
44453

034 10

3035

M55 4455259535445
32535R29

e 92

g4l Eronde

44 260

e Bg---~

249 3EDA

4R B3390

an4E BBEw

#150 ¢8--~~

2057 Re05

3835 oloBrended
ang Tdal

BO6: 261606850000
WAGS 264605260800
e (6964000081
997> 66230000
wivE (796280002008
ML (606250000
0033 (606200000
2023 606270000
WD | 696290008
W [oD6sFones
w97 T 6240008
P09 56250000
GBRL T €240
#Re Com270000
9B L6062 Remn
069 Expenn

9083 £ 5wy

P0B4 ERam

089 £8eenn

MoBC E6( ol

00BF RAUAAH

#aC2 BoLl

LINE

125
126
12?7
128
12

138
121
132

133
134
135

13

137

157
R 149

141
R 142

143
R 144

145

146
F 147
148
149
150
13
152
133
14
155
156
152
152
159
6@
161
16¢
163
164
165
166
167
168
169
170

M M MM 20 0 0 0 00 0 0T O 000

MATROX

SOURCE

STACK_SEG ENDS

@4/47/89 PAGE

CODE  SEGMENT PUBLIC “CODE-

MESSAGE DB

FIN_OF _MESSRGE LABEL

MESSAGEZ OB

FIN_OF _MESSAGE2 LABEL

MECSAGES D8
END_F _MESSAGE3 DB

DRIVER MOV
Moy

222222

M3

NOT_START_UP:

2333233 22338333%

“GROUND [MPRCT, 350

HORD

‘MISSILE POSITION EXCEEDED GRAPH BOUNDS . 350

WORD
‘THRUSTERS:
WORD

X, XFER_SEG

£S. RX

AX. STACK _SEG

S5 A

fiX, OFFSET STKTOP

P, RX

fX: DRTR_GROUP

DS, AX

ES:STRRT_BIT. 8
START.UP_BYTE. 4
NOT_START_UP

ES OFFSET X, @
ES:OFFSET.Y, 0
STRRT_UP_BYTE, 4
REPLRY, 8

W0, 2
DIST_FRO_TGT_FLAG. 9
GRND_BIRD..FLAG, @
HIT_FLAG, 8
RESULTS_FLRG, @
BORE.SIGHT, @

ERROR, @
ERROR_MESG_FLAG. B
GRNDBIRD.FLAG, 8
HIT_FLAG, @
DIST.FRO_TGT.FLAG. 8
USART_SET..UP_FOR_ADM
USART _SET..UP_FOR_ADM
SHOKE_START_LP
GRE_SART.UP : INITIALIZES THE GRE PROGRAM
MATROX.START.UP ; CLEARS MATROX SCREEN
DX, 8D8H

AL, 350

3




o
RASE. 50872088 HACRG ASSEMEBLER  MATROX 84/17/89 PRGE 7
IR LINE SOURCE
80 4 £30000 £ 171 CALL  COUT
W EBLY 172 MoV AL 310
a5 £090ad 3 173 CALL  CcouT
Wil E59ena £ 174 CALL  OELAY.? ;DELAY 166M5
QaLF Goel 175 MOV fiL, 150
3301 €80wa0 £ 176 CRLL  couT
8304 Ba1d 177 MOY AL, 8380
BED6 £8AHA E 178 CALL  COUT
#8039 BBIA 179 MoV AL, 320 :CLEAR ADM-3 SCREEN
P0DE E3080R E 189 CALL  COuT
8D E8000R £ 181 CALL  TAMKLINIT ; ALLOWS INST. TO SELECT FROM MENU
@9FL BoARE 182 MY X, XFER_SEG i THIS & THE NEXT INST. ARE A CLUGE
183 :TO GUARD THE ES IF NECESSARY???
@OEd SECA 184 Moy ES. AX
2066 BaLA 185 MOV AL 320
B0 BROSHD 186 HOY DX, BD8H
99EB E00000 E 187 CALL  COUT  ;CLEAR ADM-2 SCREEN
OOEE E£80008 E 168 CALL  GRAPHL :DRAKS ANC CLEARS ENVELOPES ON ADM-3 SCREEN
29F1 26606000001 189 Hov ES-START_BIT. 1
00F 7 ER6007 199 WAY_UP_HERE:  CALL  CHECK_FOR.B  :BORESIGHT CHECK
POFR ROFCAL 191 o A1
@FD 7511 192 INE DO_IT_QVER
AOFF 3002 192 o AL, 99a2H iCTRL-B 77 :
8181 7500 194 N DO_IT_OVER 4
8103 BA[9EA 195 MOY DX, BDBH v
@19k Bpa2 19 MY AL, 1820 ;OUTPUT A “B7 TO ADM-3
M8 ES0900 E 197 CALL  COuT
3188 C60C3F000) F 19§ MOV BORE_SIGHT. 1
3119 26693E030001 193 DO_TT_OVER: cHp £S:DATA_RERDY. 1 ; DRTA_READY???
211¢ 7520 200 INE CHK_FOR_RPY
8117 8@3E:FaR0L R Z01 i, 2 BORE_SIGHT. 1
a1l 758 202 INE BEYOND
A1LF £84547 202 CALL  CALIBRATE ; CALIRRATE FROM FIRST DATA POINTS
#1122 C6065F0009 R 264 MoV BORE_SIGHT, @
@127 2680%E040081 265 BEYOND P ES:BAD_MISS. 1  ;BAD_MISS???
M2D 7506 206 INE DO_IT
912F ES0000 £ 207 CALL  GRE_GT_FOV
- @132 E34691 282 I OVER2 ;D0 NOT GET NEW DRTR IF BRD_MISS
8135 EFFo0 20a DO_IT: [, DO_IT_LONG
210
#138 25803E1A0001 21 CHK_FOR_RPY P £S:Y_REP_REQ. 1
#13E 7423 212 IE ¥_REP_SHORT
9140 26893E150001 213 o, 3 £S H_REP_REC. 1
9146 741F 214 JE H_REP_SHORT
8195 26803E1E0001 215 o ES:HIT_SHORT, 1
814€ 747% 216 JE DIST_FROM_TGT
4 2158 25893E1D00E1 A7 o £SEND_OF _RPV, 1
‘r @156 744C 218 I ERROR_MSG_CHK
| ) ¥158 26563170001 219 o ES-BIRD_MISSES, 1
i' 915€ 741C zon JE TEST4
: 2160 EBB7H 21 P BACK
» . : a16.. E9FF08 722 Y_FEP_SHORT e V_REP
315n £93R00 227 H_REP_SHORT - JWP H_REP
: 24
f ! ‘ R1ES 2nHH3E1L0ABL 225  BACK. (¥ ES BIRDKIT.1
| o7
|
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036 T TRAEE MATRO ASSEMBLER

Liv. OB

dirk 2627
31l oG RLC0en
ui7e T47

B7a £37krr

M zee ELUBRBL
@18; 748p
4134 EBES

#1386 E8FLdv
918% EgDa6g
P13 EXR784
A13F EIFS8e
A132 £30000
2195 EMaad
2198 E3ECHm
3190 TB9RuR
913t £8000¢
1AL £30485

BLRG DATE ZRRGE1
pARe 7505

PLRE 7ACEE61E690L
BlEL ~aIE266081
BiEE 756%

LB 6 ERELIMMEL
PLEE 347270001
AT

AT I peLchma
MLE A3k 250081
LA S

BLTL 2ol 6170061
A0 w0 £240001
ALt
PR S
PIES (56000000
Aleh E9QFF

ALED E91mws

B1F@ £S5

[SCNRR L VNY 213
ALFE 2o H0100000
AIFE Ervms

6cd1 E9AuBe

BZnd E539%9

4207 ' rhei0Aa1
AN, ol ki 190091
wele BWFERE

w215 CFBeC B
R 26 FBEL M08
dech Eropen

#:2’ E50006

820 EQSEM

m

0

LINE

226
227
228
229
232
LA
232
233
234
235
236
237

238
229
249
241
242
243
244
245
246
247
248
249
25
51
252
22
%4
&5
b
58
259
260
261
%62

X
264
265
26€
267
268
69
27
&l
72
i
274
275
776
277
278
278
288

MATROX

SOURCE

TESTL.

DIST_FROM_TGT:

PRINT_RESWLT

PRNT_HIT

ERFIP _MIGCHY

SKIp

SKipe

KIP3

Sk1P4

ERROR_MESG_LOND
PPNT_GRND _BRC

H_PEP

Y_REP

JE
cHe
JE
e

[, 2
413
Jnp
CALL
CALL
w
CALL
CALL
A, 2
CRLL
CALL
CALL
np

CHP
INE
MOV
P
JNE

%, o
NE
i
CNF
INE
W
%) 4
JE

e
Jue

ne
MY

CALL
CALL
CALL
oy
Hav

MY
MOV
TALL
B
CALL

84/17/69 PRGE

PRNT_HIT

S GRND_BIFD. 1
PRNT_GRND_BRD
KAY_UP_HERE

€5 GRND_BIRD, 1 WAIT FOR END OF FLIGHT BEFORE
PRINT_RESULT i PRINTING MESSAGES
BACK

MATROX_CTART.UF
GROUND_EXPLOSION
DIST_FRO_TGY
MATROX_START.LP
GROUND _EXPLOSTON
PRINT_RESWLTS
MATROR_START..LP
HIT_EXPLOSION
TANCKILLED
PRINT_HIT

DIST_FRO_TGT.FLAG. 1
SKip

ES HIT_SHORT. 4
GRND_BIRD_FLAG. 1
K1Ip2

€5 GPND_BIRD, 1
HITUFLAG 1

SKips

ES BIRD_HIT. 1
RESULTS _FLfG. 1
Sxipd

ES BIRD_MISSES. 1
ERPOR. 1
ERROP_MESG_LONG
ES END.OF _RPY. 8
H_REP_FLAG. 8
DO_TT_QVER
ERROR_MES)

PRINT_GRND_BIRD

REPLRY. 1

ES H_REP_REQ. 8
GRAPH_HREP

GAE .START_UP
MATROX_START P
H_REP_FLAG, L

ES H_REP_GD, 1
CO_IT_GVER

REPLAY. 1

ES .V_REP_PEQ, &

GRAPH_YREP

GRE_START_LP

MATROX_START_UP ; THIS MIGHT BE "MATROX_CANCELL®

C-8
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palatate

L

1029
322
o4
ooad
838
o0
5&46
d24%
g24¢
re
824(
Bo4F
ety
PR
250
doeld
8265
i
Aged
Ay
76
272
8.’k
W27E
8284

aze?
828l
azeF
8292
8293
8230
azrz
3207
@2RC
6281
azBs
veBa
228A
028D
B2EF
Azl
w5
axs
BT

poce
e
%200
3202
azi%
gl
00
AFa

o3 SRy MRCRG RSSEMBLER

Vi

e it
Jod pAG L Bl

ES(oFE

FABadE
R20200
Hoa19d
F28360
R125d4
A33188
A13Eae
H33308
Zrab1enlon
55160000
~330618¢
261 1 d0d
#3290
2ERL L 207
R33g08e
260607 A
ZE503E09nag]
7483

£B80060
£24D38
26606948086
E9BFE

(oo 37g0a5
ROY790
R2B6PD

. 70685006508
(6063E000A
Ce6100883
0686200006
C6a61Foada
666210000
Chac1E00om
£6i2

ABLF 0
E610

E414

£412

2401

74FR

Cs

354
3E259%01
7498

31 3E6800F 008
7603

EBAe=R
£9Ch01

4 798

P ol s e s b s I o JRe Sl A )

o

0 0

A D VD VA AN

-

14

LINE

281

A2

ALy S

38
31
33
333
334
38

MRTPOX

SDURCE

DO_IT_LIONG

VER2

MATROX_START_UP -

KAITL

Moy
MV
P

Moy
MOV
oy
M
MY

JE
CALL
CALL

STILL-SMOKE_SHORT

START

FIN.OF_MRT
i

CMP
It

8 o
A

04/17/89 PRGE

Y_REP_FLRG. ¢
ES:V_REP_GO. L
DO_IT_OVER

AL, XENT
XCNT_OLD. AL
AL, YONT
YONT_OLD. AL
fiX, YRNG2
YANG2_OLD, R¥
RX. ZANG2
2ANG2_0LD: AX

DX, ES:X.Y L THIS INST GETS XCNTR, YCNTR IN ONE GULP.

XCNT, DL

YONT. DH

A%, ES - YANG

YANGZ. AiX

RX. £S5 ZANG

ZANGZ, AX

ES DRTA_RERDY. @

ES-BRD_MISE. 1

OVERZ

GRAPH_GRE_POINT < PLOTS DOTS ON ADM-3.
START  ;PLOTS RODKET AND SMOKE ON MATROX.
ES BRD_MISS. @

CIIT_QVER

GSCRLE_NUM. 89D
AL, GSCALE_NUM
GSTALE_VAL. AL
SIZ. 890
POP_LEVEL. 160
THREE, 3D
FLAG. 8
BRCKGROUND &
CONT, @
COUNT_EM. 8

AL, @

SCROLL, AL

AL, BRCKGROUND
GSCALE, AL

AL, ERRSE

AL, FLAGS

&.‘ 1

WRITL

we STILL _SMOKE
REPLAY. 1

FIN_OF _MRT

ELAPSED _TIME. 2400
FIN.OF _MRT

™

FIN_F _MATPO

N OCRLE e

9
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04/17/69 PAGE 18 ~ s

8985/3487/805S MACRD ASSEMBLER  MATROX
LOC 08J LIN  SOURCE - s
BZET 28590 R 336 MOV GSCALE_VAL.AL
0266 B8R 3 3 CALL  SMOKE.CHECK
@2€9 89FCOL 338 In, o A1 hild
@2EC 7508 379 JNE STILL_SMOKE_SHORT )
B2EE A12990 R 40 MOV A YANG2
B2FL A23500 R 244 MOV YANG2_SAVE, AX ~
A2F4 13600 R 342 MWV A% 2ANG2
92F7 R3X760 R 43 MOV ZANG2_SAVE, RX
A2FR RBRCHR R 44 MOV AL GSCALE.VAL
@2FD A22000 R 345 My GSCALE_SAYE. AL -
9308 C6AER5IAM R 346 MOV GSCALE_VAL.®
347
9305 ARABRD P 348 MOV AL XONT
9208 A20400 R 249 MV XONT_SAVE. AL
2306 ABB200 R 350 MOV AL XCNT_OLD
030E 20000 R 51 MV XONT.AL
352
9311 RBB1A9 R 353 MOV AL YONT
8314 A28590 R 354 MOV YONT_SAVE.AL
@317 A9309 R 255 MY AL YONT_OLD
031A 20109 R 35 MOV YONT.AL
357
31D AL3E0 R 358 MOV AX 2ANG2
3324 33700 R 359 MV ZANG2_SAVE, AX
9253 AL3300 R 368 MOV AR 2ANG2.OLD
B:zc A3380@ R 361 MOV ZANG2, AX
362
8329 A13900 R 363 MOV RX YANG2
271, A33500 R 264 MOV YANG2.SAVE, AX
832F RL3190 R 365 MOV R YANG2.0LD
9332 A23990 R 366 MOV YANG2, AX
367
4735 ES6FRL 368 CALL  OCT_DRAW
9338 AB2AM9 R 69 MOV AL GSCRLE_SAVE
3338 A20600 R 370 MOV GSCRLE_VAL.AL
. n
i B73E FRd00 R 372 MOY AL XONT_SRVE ;THESE NEXT 4 INST. RESTORE XONT, YONT
. 9341 A20000 3 n MY XONT.AL ; AFTER AN ERASE CYCLE.
9344 HOB500 R 74 MOV AL YCNT_SRVE -
3 9347 A29100 R 375 WV YONL.AL .
36
!‘ 934A A13500 R K14 MOV A% YANG2_SAVE ; THESE NEXT 4 INST RESTORE VANG2, 20NG2 .
824D A33908 P 78 MOV YANG2, AX i AFTER AN ERASE CYCLE,
: 9350 12709 R 379 MOV R, ZANG2_SAVE ~ -
#4353 A23609 R 350 MOV ZANG2. RX
8356 E89300 381 CALL  S_P_AND_GSOALE_SET “
. 4359 £9BEAR 382 M SIZ_IS_SET2 -
8
835C A10009 £ 394  SPAND_GSCALESET: MOV AX,ELAPSED_TIME .-
@35 3DFRR1 385 P ,506D ; WAS 509 <>
: 9362 7513 396 JE  WAITE  ;START THE SIZ,POP.AND GSCALE SETTING ROUTINE
| #3164 (70609008900 R 387 MV SIZeD
236R (696070088 R 388 MOV GSCALE_NUM, 80
3I6F C6063E00B8 R 389 MOV POP_LEVEL, 88D
. 8274 E200 399 P SIZ_IS_SET
4 ’ c-10
L_u TP SR ST S Yo Il PN O S e NP — - ORI R




88862957 /8888 MACRO ASSEMBLER

Lo 0BT

J377 30F482

837R 7513

8370 (70689000780
1382 C606870807
9387 CE863E0087
@y EI3AD0

@38F 3DEEGS

8392 7913

8394 (70609000600
@39A (606870006
839F C6063E0006
23R4 EB7390

@3A7 300207

838R 7513

A3AC (79689000500
@:B2 (606070005
8387 C6P63E0806
@3B{ EBSB9

@36F 3DC6OB

8:C2 7543

8304 (70609000400
#3Ch C6P6070003
83CF C4063E0006
B304 EB4390

8207 309813

8308 7513

830C 70609000400
83E2 (606070882
A3E7 (6063E0004
@:EC EB2B98

@3EF 3D6R1B

63F2 7518

93F4 (70649008400
@3FA 606070081
A3FF C6063E0084
6484 303C22

8487 7518

8409 (70609000400
B40F (606070001
8414 C6063E0082
8419 (3

B41A C6A6210007

@41F E412
8421 361
8423 7480
9425 26R00300
%429 3C61
0428 75F2
o420 C3

042t EBLBY
0431 893E210008
0436 74F6
9438 EB21FF

o N ™ 7 20 © o o o x o 70 2o o O

~

424

427
428
429
438
431
432
413
434
435
436
43?7
438
439
449
1
442
443

45

WRIT2:

WRITS:

WRITY:

WAIT?:

WAlTS:

WRITS8:

SIZ_I5_SET:

$32ER3

Par IS
3

,1812D0 ; WAS 1600
WAIT2

S1Z.7

GSCALE_NUM, 7D
POP_LEVEL, 7
SI1Z_IS.SET

»15180
WAIT3
S1Z, 60
GSCALE_NUM, 6D
POP_LEVEL. 6
SIZ_IS.SET

,2082D ;WAS 2000
WAIT4

SIZ.S
GSCALE_NUM, SO
POP_LEVEL. 6
SI1Z_15.E7

»3844D ; WRS 3900
WAIT?

S1Z, 4D
GSCALE_ N, 3D
POP_LEVEL. 6
SIZ_I1S.SEY

»' 50160

WRITS

S12.4
GSCALE_NUM, 2
POP_LEVEL, 4
SIZ_15_SET

, 78480

WAITSO

S1Z,4D
GSCALE_NUM, 1
POP_LEVEL, 4

» 98280
SI1Z_1S_SET
SIZ. 4D
GSCALE_NUM, 4
POP_LEVEL, 2

i WRS 1508

; THIS ENDS THE S1Z SETTING ROUTINE.

SIZ.I5.5ET2:

STILL. SMOKE:

DRFAN_OCT_SHORT :
GO.ON2:

AFREIRRYITE= I RII RTINS IIIRETIITIRETTITRET233R

COUNT. 8

AL, FLRGS
.1
GO-0N2
AL ES : DRTA_RERDY
ALt
STILL_SMOKE

i IF DRTR 1S READY WE BRIL OUT AND RET

CHECK TO SEE IF MATROX IS STILL BUSY

i 1=NOT BUSY, @=BUSY

i JHP IF MATROX IS NOT BUSY

iMATROX 1S BUSY=DCHECK FOR DATR READY

ORAW_OCT

COUNT, 8

DRAK_OCT_SHORT ;DRAN NEM OCTAGON
S_P_AND_GSCALE_SET ; SETS SIZ POP DURING SMOKE GEN

C-11
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B8@3¢,/56887/8888 MACRO ASSEMBLER

Lic 08}

9438 £69989
B43E ABLTP9
8441 EF19

9443 E414

8445 Colé2ldv00
844A (3

9448 843E210008
8458 752f

245¢ BB3EaL0V081
8457 7588

8453 Lodb1taeas
045k EBASIY
™61 Sa3E1E0009
B8 7419

@in3 (86066000
8460 FEOELEDG
8471 HBAGBY
8474 B2063E00
8478 OBF

B47R 768

470 BoeF

847E R20600
B45L AOB6RY
8454 39861F00
0485 7206

MER (606210001
a48F (3

849 26081400
3494 3Co1

G435 75F8

0498 260606140900
B49E E£30600

B4Rl (586210001
A4

MA7 33 1E390600
A 7589

HAE (70620000000
94B4 EBBCIY

A4B7 AL3%0

AdgH 99

#4ER F73E200¢
94BF R32000

#4Ce 333E38A000
247 7389

#4(9 L7062F 000000
BALF EB8CID

4402 R13B20

8405 99

0406 F73E2800
DA A3ZFO8

2400 R19908

LINE

4“6
447
448
449
R 450

451

452
R 453
454

oM

456
R 457
458
459

P

461
462
463

D VoD

467
K 468
469

el

471
R 472
4n
474
473
476
477
478
479

481

492
493
R 494
495

497
498
499

B

MATROX

SOURCE

SIZ_IS_SET3:

DRA_OCT .

CHK_COUNT_EN:

DO_IT_HERE:

THERE :

FIN_OF _MATROX

OCT_DRAN:

NEXT:

NEXT1:

NEXT2:

CALL
Moy

N

P

EIIZTRAIISEIIIRT HIZTRIT AEm33ITEIE

L E

04/17/03 PAGE 12

SMOKE_SET

AL, BACKGROUND

GSCALE, AL

AL, ERASE ; ERASE SCREEN
COUNT, @

COUNT, @ ;ARE WE DRANING OR ERASING? COUNT=B=DRAN.
BY_PAS
THRUSTER_FIRE. 4 ;AND IS THERE A THRUSTER FIRE??
CHKC_COUNT_EM
COUNT_EM, 3
DO_IT_HERE
COUNT_EM, @
BY_PRS
THRUSTER.FIRE, @ ; ZERD THIS FLAG . AS ME HAVE SEEN IT.
COUNT_EN
AL GSCALE_YRL
AL, POP_LEVEL ; IF THERE IS THEN INC GSCRLE_VAL BY P_L
AL, 150 ; HOWEVER, GSCALE_VAL CANNOT BE GREATER THAN 13D
i ¢
AL 45D ; IF GREATER THAN 15 THEN LOWER TO 15
GSCALE. VAL, AL
AL, GSCRLE. VAL
BACKGROUND. AL
THERE
COUNT, L
;NO NEED TO DRAM OCTRGON IF SMOKE WILL HIDE IT

AL ES:BIRD_DTR_RDY
AL

THERE
ES:BIRD.DTR_RDY, @
OCT_DRAW

COUNT, 1

YANG2: 8

NEXT
YANG.SCALED, 8
NEXT4

AX, YANG2

THO
YANG_SCALED, AX
ZANG2, @

NEXT2
2ANG_SCRLED, 8
NEXT3

fiX, ZANG2

™

2ZANG_SCALED, AX

AX, SIZ 5 THIS STARTS THE OCTRGON DRAW ROUTINE''!
C-12

ovni I AP

1

[

RSN




S

R9R5/8087/5088 MACRY ASSEMBLER

L 08J

MED DAES
D4E; BATFOR
B4ES 03162008
449 B97FoM
B4EC W3BE2FDR
94FD 2808
MF2 RS
@4F4 59168803
A4F3 R99EADOD
B4F( H10908
@4FF B3¢
w981 R39FI6
9504 £18509
@s8r 6301
9589 H31109
950C R10960
@50F F6361D09
©513 BOFLDL
516 7682
#9518 FECD
951/ 8R0S
8510 32E4
@SiE 03068000
9522 31909
9525 8AC3
as27 Doee
8529 324
9528 D3060090
@52F A31B600
8532 A11909
#4535 2BC1
@537 A1
#53R 93960608
@53E A3iS60
9541 R10F08
2544 28061709
9548 Az1206
adE Ba3E300R0L
8558 7400
@552 333E099085
4557 7506
9559 41

9550 (60630081
955 £86600
9562 41

9563 IB0E190
#er TECO
956 1606300000
6t A19B06
wS71L A31508
574 ALOFO0
8577 A3L308
#57A €84800
@570 41

@57€ 3DBE1BOR

oW T OO o xR 3 0 0 o O 0 o

©

© v Y v 0

LINE

51
512
53
514
545
516
517
518
59
529

523
524
525

527
528

530
s34

533
534
535
326
937
538

54
542
542

545

7
48
549
558
554

ks s

MATROX

FIRST_THIRD:

OVER_THIS:

SECOND_THIRD

OVERL:

25832333358 8282%

<
—~
<<

3§§§§§§§ﬁ$§E%%ﬁ%ﬁ%§§§§§§§é%@ﬁﬁ%%%ﬁ%iﬁ%

AX 4

DX, 1270 ; THIS HAS XCNT
0%, YANG.SCALED
CX 127D ; THIS WAS YONT
CX, ZANG SCALED
DX, RX

CX X

XMIN, DX

YHMIN CX

% S12

fiX, DX

XHAX, AX

fiX, $12

AX, CX

AKX, fX

A%, 512

THREE

'3

GO_ON

a

BLAL

AH, AH

A% YMIN
ONE_THIRD; RX
ALEBL

ALl

A,

X, YNIN
TWO_THIRDS, AX
AX, ONE.THIRD
fiX, CK

TP _BRD, AX

% XHIN
XMIN_THP, FX 5 SETS WMIN
A, XA

fix. TP RO
YRX_THP, AX 5 SETS Yo
FLAG, 1
OVER_THIS
SIZ.5
QOVER_THIS

el

FLAG 4

LINE

¥

CX, ONE.THIRD
FIRST_THIRD
FLAG, @

%, ¥WHIN
RHIN_THP, X
A% X
YT, AX
LINE

X

€%, THO_THIRDS

C-13
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8836/8067 /8888 MACRO ASSEMBLER

LoC 08J

#582 7EF6

8584 M11B20
#5237 88D9

9589 2808

4588 883

356D A31700
@590 93060800
8594 R31508
9597 ALAFOY
250R 28961708
@59E R31300
aSfHl RAIEXDAs61
#5A: 7410

3588 832E690884
L

@5+ FFOEL100
@983 (526300061
a5BR £06{0
9588 41

#5BC L6E1168
@A TECZ

B502 C6wa3DPR08
8507 [

@502 38161500
AL 83F98a
w3CF TE2e
@501 81F9FF08
a5 701A
@507 BBFFOR
#50f 2809
a50( S1FAFFED
#SED TDBB
#562 B3IFAGE
9ES 7E03
J5E7 ERGGH8
R 42

#56B B16438

o X BV VXV

]

LINE

59
578
51

"3
504

576
577
578
579

81
582
582

387
368
589
599
91
592
593

597

619

MATROX

SOURCE

=
m

%%E%ﬁ?%*%ﬁ%%%g%%ﬁ%é'

LAST_THIRD:

OVER-THIS_2:

AZR

FLAG: 1
OVER_THIS.2
SiZ. 4
OVER_THIS.2
YMAZ

FLAG. 4

LINE

4

X, YHAX
LAST_THIRD
FLAG, 8

; THE ROUTINE DOT WILL NOT BE USED FOR A WHILE

pov:

;
)
3
]
)
B
’

3333333733

LINE.

AL SIZ

A3

poT

S1Z2,30
START

DL, ES:X
CL.ES:Y
YMAX_THP, DL
OVER

fil, BACKGROUND
GSCALE, AL
AL, ERASE

DX, XMIN_TWP
%, 0

OUN

X, 2590

DAN

B 5D

BX, CX

DX, 2930
NO_WRY

DX,
HO_WRY
OUTPUY

24

DX, XMAX_THP

Cc-14
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i 20R6./9887/3088 MACRO ASSEMBLER  MATROX 04/17/09 PAGE 15
g LK 08 LINE SOURCE
( $5EF 7EER €11 RE  OVER
asF1 (3 612 DN RET
, 613
; 5Fe SAC2 614 QUTRUT v AL DL
! dF4 £51d 615 WT XREG AL
; W6 BACS 616 MY ALERL
' ASF5 E6Ls 617 W YREGAL
UFR AOB60D R 618 MY AL GSCRLE_YAL
B5FD Ex'@ 619 WT  GSCALE, AL i
§HF 620 RET
621
0508 260596170009 622 PRINT.RESULTS: MV ES:BIRD_MISSES,®
a60¢ 606290081 R 523 MY RESWLTS_FLAG. 4
o 624 WOV DX, 808H
Q6HE 8D 625 MOV AL 8350 :VECTOR MODE ;
2610 E80069 3 626 CALL  CouT !
%613 BE37 627 MV AL 8670
2615 £30000 £ 628 CALL  cout
9618 BO73 629 WV AL 1700
a51R E6AR08 E 639 CALL  COuY
wih BAZE £31 WY AL@5e0
9617 E30000 E 632 CALL  COUT
9622 804A 633 WV AL 1990
9524 60000 E 634 CRLL  COUT
0627 BOAF 635 WOV AL.8370 ;ALPHR MODE
3629 £0000 £ 636 CRLL  couT
9620 B92008 637 WY CH3ID
] - @52F BE2000 28 MOV SIOFFSET H_MIS_ASCII
2632 268704 639  AGAIN: MV ALES:SI
235 £90009 £ 640 CRLL  COUT
w5 £81582 641 CALL  SHORT_DELAY ;
2638 46 642 m sl ?
%30 E2F4 643 LOOP  AGRIN |
M3E B0 644 MOV AL@350
0540 £90008 £ 645 CRLL  couT 3
{ P43 ESCAFA 646 M DOIT_OVER {
647 -
b V46 2606061 E0OMA 645 DIST_FRO_TGT: MW ES-HIT_SHORT, 8
064( (6D6200081 R 649 WV  DIST_FRO_TGT_FLAG 1
@651 B8ROSO 650 MV D% 808
954 891D 651 WV AL.9350 ;VECTOR MOE
} ! #5¢ £0099 3 652 CRL  COWT
- #59 8937 653 WV ALB670
. %56 E00009 3 654 CALL Ut
| L 65E BOTS &5 WV L4780
o #6650 £69000 £ 656 CRLL  Cout
; 9663 BO2R 657 WV AL, 8500
| ) 8665 E8B0G £ 658 CALL  couT
t ' 8663 BO40 659 WV AL 1690
’ HHER EHIN £ €60 CALL Ot
: . 966D BOIF 661 MOV AL 0370 ; ALPHA MODE
v : O6oF oM £ 662 CALL  couT
| © w77 8910es 663 My CX16D
o @675 BE4PID 664 MOV SI,OFFSET DIS.FRO.TGT
N 7S5 269R04 665  AGN: Wy ALESISI)

C-15
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$6./5067 /9088 MACRO ASSEMBLER  MATROX 84/17/89 PRGE 16
Lo 0Bl LINE SOURCE ~
967K E80900 3 1773 CALL  couT
MTE E8Fat 667 CALL  SHORT_DELAY -
8631 46 668 m s
B2 E2F4 669 LOOP  AGN .
234 801D 670 MY AL350 .
56 £59000 £ 671 CRLL  CouT
3689 E9B4FF 672 M DO_IT_OVER
673 :
7680 BADGOG 674  THRUSTERSMSG: MOV DX, BDGH -
%5F BALD 75 WY AL83S0
9691 EC5088 £ 676 CALL  COuT
2594 A28 677 WYV AL460
2696 E£50009 £ 678 CALL  couT N
9699 BO%Q 679 MY AL 1460 1
269 £80000 3 686 CALL  CouT
869 BA2E 581 WV AL 480 -
269 E30000 E 682 AL CouT
BER3 B4O 682 WY AL #
6R5 £69800 3 654 cAL ot
G5R8 BRIF 685 WY AL30
06AR ES9000 3 696 CAL oW
26AD B99BD 687 MOV CX. (OFFSET END.OF_MESSAGEI - OFFSET MESSAGE3)
9689 BE3500 R 688 MY SIOFFSET NESSRGE3
MBI 2EBAB4 689  AGN?: MV ALCS:SII
9686 ES0000 E 690 CRLL  couT
9689 E93401 691 CALL  SHORT_DELAY
96BC 46 692 IN S
968 £2F4 693 LOOP  AGN?
6BF B96209 694 WY (%2
9602 BE6DOD 635 MV SI,OFFSET CIDERL_THRUST +3)
P60 268R04 696  IT_RGAIN: MY ALESISIY
603 E8P90R E 697 CALL oot
(B E85281 698 CRLL  SHORT_DELAV
BLE 46 699 IN St
B6CF ExFd 700 LOOP  IT_AGRIN
9601 B9 761 MY AL 40
P03 £30000 3 762 CRLL  COuT
) et BaZF 783 MV ALS0
L% ES0980 3 ? CALL  COouT
6DE B9200 75 WY X2
96DE BES300 706 MOV SI,OFFSET (RCTURL_THRUST+3)
HEL 265R04 767 IT_AGAIN2: WY ALES:ISI)
6E4 ELo00 E 708 CALL  couT
96E7 Efoset 709 CALL  SHORT_DELAY
¥6ER 4 718 N sl
96EE E2F4 711 LOOP  IT_AGRINZ
ED RO 72 MY AL 1010
95EF £R06OD E 713 CALL  couT
P6F2 BO1D 714 MY ALIS0
écF4 £6P000 E 715 AL ot
weF7 (2 716 RET
717
718
96F8 EGULFF 719 PRINT.HIT CALL  THRUSTERS_MSG
. B6FB (606220001 R 728 MOV BLINK_COUNT, 03D
¢ c-16

|
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il
8086/8657/3988 MACRD RSSEMBLER  MATROX 04/17/89 PRGE 17
: LOC 08J LINE  SOURCE
? 3om CsP6270001 R 7 MV HIT_FLAGY
, 8785 26606166000 722 MV ES:BIRD_NIT,®
| 8708 BADSOD 723 PRINT_HIT.AGN: MOV DX, @08H
, B76E 5610 74 MOV AL @350 ; VECTOR MODE
0710 EC0000 E 75 CALL  couT
! 8713 8837 726 MY AL 8670 |
i 8715 EGMARA E ORLL  cout ‘
g o718 BA7S 728 MV AL1780
: #71A E90000 E 729 CALL  cout
i wI1b BazE 738 WY AL 8560
| a71F £00000 E 7 CALL  COUT
‘ 8722 Bo42 732 MY AL1620 :
8724 £50000 E 7 CALL  COUT ‘
8727 BOIF 734 MOV AL @370 ;ALPHA MODE
w725 Egodgy £ 735 CALL  Cour
B72C BAde 736 MV AL,1180 M
AT ES0600 E 7% CALL  couT
8731 849 738 MOV AL 11101
@723 £50A0E £ 79 CALL  couT
8736 BA5e 7 MY AL1240 ;T
8738 E36400 E 4 CALL  couT
9738 Beat 742 MY AL GO
8730 E9ANG E 42 CRL  couT
B4is EALD 744 MV AL IS0
9742 EG00MA E 75 CALL  COUT |
8745 ESFEAR 46 CALL  DELRY
9742 BID 747 MY AL 30
874 E80009 E 48 CALL  COUT
' - 574D 269632100061 749 NP ES:V_REP_REQ.1 ;ARE "WE"NEEDED ANVWHERE??
#753 7464 75 E  OoOW
W75 265ATE1 90001 751 O ES:H.REP_REG1 :ARE "WE" NEEDED ANYMHERE??
- a7% 745C 752 JE DO
! 8750 FEGE2200 R DEC  BLINK.COUNT
4761 S0:E220000 R 74 O BLINC.CONT, @
Arr6 7451 75 JE DOWN
: 762 BElE 7% KOV ALE320
| G476 EGUA08 E 7% CALL  COUT
| . 9760 BATF 758 MY AL-4770 ;THESE FOUR INSTRUCTIONS CHANGE THE
4 A7EF EB0000 E 79 CALL  COUT  ;DRTA LEVEL TO BLACK!
0772 B827 768 MV AL670
9774 £90090 £ 7% CAL  couT
: g 3777 BE% 762 MoV AL, 1780
© @779 EBOAVD E 73 CALL  oouT
B77C BOZE 764 MV AL 560
A7TE ERAB0Y £ %5 AL couT
© a78L B2 766 MY L1620
' 8763 £90009 E 7 CALL  couT
< 9786 BAIF 768 MV AL 370
9789 £80600 E 79 CALL  COUT ; ALPHA MODE
3788 8848 778 WOV AL 1180 ; "BLACK ‘H’*
. 878D E50009 E ™ oL couT
‘ 799 8049 772 MY AL1140 ; "BLACK ‘I’
S o 8792 E2RA0N E 7 AL COUT
a79% Bi 774 MOV AL 1240 ; "BLACK ‘T**
* A7a7 EBGRAR E 773 CALL  COuT

- Cc-17
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8o, dsT SR MACR( ASSEMBLER

-

Loy 08

A798 BBz L
3790 E806HR
879 ga21
wiR1 £60R08
HiRd BAIE
U7RG EQmane
A7R9 BB61
B7RE £36069
drne BeiD
6784 E8e86
0B E89R66
“"Bx E9SZFE
#7BS EFS4F 2

wBL ESCIFE
AEF 26( 600100000
8705 (606250081
87CP BRDBO8
#70 Bo1D
#70F ESH000
8’z 5927
74 £9pReQ
@’D7 BBsl
3709 £oa80d
670C RO2E
AT0E E30000
w7tl Bode
87t s £onosa
&7Es BoIF
B7EE £9000a
B7EE BOMEN
oEE BEABAR
B7F1 2EHRBY
A7F4 EH008
87F7 £65606
87Fh 46
87FB £fF4
WiFD E910F9

6500 606240000
8885 C606254081
38R 260686100008
#51e BROSOB
#8131 BO1D

8815 EB0008
8218 BB20

AR1R £60060
ALY 5e6d

doiF E60000
882z BBt

6524 EBHO0Y
8827 Bdt

3329 £50000
2320 BoLF

9828 £60000

LINE

776
E m
778
3 779
788
£ 78:
"3
E w3
784
E 783
786
787
758
59
9%
79
14 792
792
794
£ 9%
796
£ 797
798
E 739
290
3 281
892
E 8az
Bod
€ 885
896
r 887
888
E 809
818
811
812
813
814
815
816
81?7
818
819
£ 828
821
13 822
823
€ B24
825
E 826
827
E 828
829
E 838

x o

MATRUK

SOURCE

EFEFEFEFE:

3%
[ o
-

23

DOWN -

PRINT.GRND_BIRD: CALL
Moy
MovY
NOY
My
CALL
MoV
CRLL
Moy
CALL
MoV
CALL
MOy
CALL
Mo
o 18

REPERT: v

ERROR_MESG:

3338333383333338 ¥

4/17/89 PAGE 18

AL, 41D BLAEK 17

couT

AL 410

cou

AL, 330 ; THESE NEXT FOWR INSTRUCTIONS SET
couT

AL 1410 ; THE DATA LEVEL BACK TO WHITE
cout

AL/ 350 ; RETURN TO VECTOR MODE

couT

SHORTDEY

PRINT _H17_AGN

DO_IT_QV¥ER

THRUSTERS_MSG

€S GRND_BIRD, @
GRND_BIRD.FLAG: 1
DX, ODBH

AL, 8350

cout

AL, BA7G

cout

AL, 1410

cout

AL, 8560

cour

AL, 1620

couT

AL, 8370 ; ALPHR MODE
cout

CX) (OFFSET FIN_OF _MESSRGE - OFFSET MESSAGE)
SI, QFFSET MESSAGE
AL Cs:Is11

cout

SHORT_DELARY

S1

REPERT

DO_IT_OVER

ERROR, 8
ERROR._MESGFLAG, 1
£S5 END.OF _RPV, 8
DX, 8D8H

AL, 350

cout

AL, 480

cour

L, 1400

cout

AL, 560

caut

AL, 1010

cout

A, 370 ; ALPHA MODE
couT

Cc-18




5036./5607/3068 MACRD RASSEMBLER

Loc 08l LINE
831 632700 831
834 BEDEM R 832
9637 2E6RG4 833
2538 £68606 3 834
8830 E81008 835
2340 46 236
8841 E2F4 837
0843 ESCAFR €8
839
o3de ESGRC3 840
9649 48 31
284R 3DDAGA 842
8840 7SFF 843
A64F €3 844
2650 88197 245
w5t 48 846
#854 309008 847
#0857 TSFA £48
F @859 (3 g;g
y3SA BaAd 854
#35C E40E 852
@85 2467 853
@ 7404 854
2862 £4{X 55
‘ : 3h64 Rddl 856
; g (2 857
o5t
- acs? 26381601060 859
F a36C Boecd 260
B36E 2AC2 T3
GE7h 2609968500 862
2575 BoFd 863
#877 2R6 364
3079 2690060680 865
wa7E €3 866
- 867
?’ LY e 868
4 869
‘ 79
i
i ASSEMBLY COMPLETE, MO ERRORS FOUND
b
! :
.

SOURCE

REPTZ:

DELAY:
AGRTH.N_AGAIN:

SHORT_DELRY:

AGN_N_AGN:

CHECK_FORB:

G0_BACK :

rLIBRATE:

oot

CX, (OFFSET FIN.OF _MESSAGE2 - OFFSET MESSAGE2)
S1. OFFSET MESSAGEZ

AL Cs:Ls1

couT

SHORT_DELAY

SI

RePT2

DO_IT_OVER

RX, 500080

a2

Ax. 8
AGRINN_AGRIN

A%, 109860
X

A8
AGNN_RGN

fH @

AL BDEH  :USART.STATUS
.2

G0.BACK

AL, B0CH

1

DR ES: XY

AL 6

AL DL

£5: OFFSET_X. AL
AL, 644

AL DH
E£S:OFFSET._Y: AL

2 A3REZER2 R3=c2=3 RARFEIRRIB2 BREEERER

END  C5:DRIVER, D5:DATA_GROUP, S5: STRCK_SEG




3036/8087,388% MACRU ASSEMBLER

SHOKEY_THE _BARE

SERIES~I11 8685/8667./5088 MACRD RSSEMBLER V1. 8 ASSEMBLY OF MODULE SMOKEY_THE.BAFE
Ge JECT MODULE PLACED IN :F2:SMOKE. 0B]

INYOCATION LINE CONTROLS: DEBUG

IRUNY

Pk LEB6HED000
8685 £506010061
dbar (3

8006 30-EDap000
valeg 7405

401. B4l

doid EBA3SH
o417 Bdee

19 C:

B51A GU3E0000M0
9B1F 7463

auzl pdat

@82 L

w4 £0.E010001
o 4L
2826 283010002
329 4R
32 50636610083
Ba37 7439
o459 8@3E810604
99°E 7449
8040 862010085
w4 "446

LINE

(S < B= <RV I AR I A A

SOURCE
NAME  SMOKEY_THE_BARE

DRTA_GROUP GROUP  DAT.SEG, DATA_SEG
CorOUP GROP  CODE

RSSIME €S- CGROUP, DS : DATA_GROUP

PUBLIC SMOKE.CHECK, SMOKE_SET. SMOKE_STRRT_UP

DATA_SEG SEGMENT PUBLIC

EXTRN  BACKGROUND: BYTE

DATA_SEG ENDS

DRT_SEG SEGMENT PUBLIC

DONE D8 1 DuP(?)
SERIES_NO DB 1 DUPC(D
DAT_SEG ENDS

CODE SEGMENT PUBLIC CODE’

SMOKE_START_UP: MOV DONE @
MOV SERTES.ND, 1

RET
SMOKE.CHECK - (WP DONE. @
IE (G0_BACK
Mav A 1
Jw GO_BACK2
GO_BACK: MoV 4.0
GO_BACK2: RET
SMOKE.SET: o DONE, &
JE START
Moy 1
RET
START: ce SERIES.NO, 1
JE SERIES.1
Cwe SERTES.ND: 2
JE SERIES.2
cw SERIES.NO 3
JE SERIES.3
o SERIES.NG, 4
JE SERIES.4
o, o SERIES.NO, 5
/3 SERIES.S

C-20
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- N B e e e .
- - PRI afustissonn- st r
qG/5957/5088 WACRD RSSENMBLER  SOREY_THEBARE WB4/BL PREE 2
oL O] UINE SOURCE
a7 EESES 47 ™ SERIES.6
a8
B04R FEMERDG £ 49 SERIESA I BACKGROIND
DME QUICANORE € 5 P BACKGROUND, 150
@853 7481 51 ¥ DONEL
o955 02 52 RET
05 (oooeleaz R > DONEL: WY SERIESNO.2
058 (3 54 RET
5
ABSE. FEAEBODY £ s SERIES.2: DEC  BACKGROUND
ooQ cA3ERR06s € 7 TP BRCKGROWND, 8D
S 746l 58 € DONE2
p867 C3 59 RET
063 C6BG0108% R i DONE2: MY SERIES_NG.3
o050 (3 6 RET
€2
MCE FEGCDABR £ 6 SERIES.3: IN.  BACKGROUND
P07 GOJEDO0BF € 64 O BACKGROUND, 15
w77 7401 &5 E DN
o879 (2 & RET
HTH (506R10084 R 57 DONE3. MV SERIESNO, 4
W 3 o RET
&9
2686 FEIEBRID g 2 SERIES.4. DEC  BACKGROUND
poB4 “03EDBOR4 € 7 OF  BACKGROMND, 4
- 72 JE  DONE4
266 L3 e RET
POEC (ca6R10005 74 DOMES: WY SERIESNO.S
91 3 - RET
7%
292 FEGGU009 £ 77 SERIES.S N BACKGROUND
apoc S93E000088 € 78 OF  BACKGROUWD, 80
95 7401 79 E DS
BaSD 03 2 RET
HE LoA6O10%E  F 8 DONES: Wy SERIESNO.6
W 82 RET
83
. i FEGEA000 £ 84 SERIES6’ DEC  BACKGROUND
ARG R01E000000 € 85 OF  BACKGROUND. @
ooRD 7401 86 JE  FINISHED
; W (3 87 RET ‘
o089 (606000001 P g8 FINISHED: MY DONE.1 :
W8S 02 &9 RET ;
%
g ' o COOE ENDS
%2 B
* . ACSEMBL ¢ LOMPLETE, N0 ERRORS FOUND
“l
1 b
q; «
" ) c-21
. o e s ]
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196/0087 /568 MACRD ASUENELER  PETER_RABBIT 04/17/89 PRGE 1

-

CRIES-T11 SU36./5A87,/9A%5 MACRD ASSEMBLER v1 @ RSSEMELY OF MODULE FETER_RABRIT .
A JECT MODARE PLACED IN F2 GRE 0BT -
HVOCATION LINE FONTROLS  DEBUG

Lt ORI LINE SOURIE
1 NAME  PETER_FRERIT
3 PATA_GROUF GROUP  GRE_SEG. DRTA_SEG. ¥FER_SEG
4 CORUUP GROUP  CODE %
5
3 EXTRN GRAPHL NEAR, FIRE_BIRD BYTE
2 PUBLIC GRAPH_GRE.POINT,GRE_STRRT_UF. GRE.GT_FOV. H_REP_FLRG. V_REP_FLAG
8 PUBLIC ELAPSED.TIME
9 EXTRN COUT-NEAR
1@
11 RASSUME CS CGROUP. DS.DATR_GROUF
2
e 3 XFER_SEG SEGMENT RT @6A0H
14 EXTRN BRD_MISS:BYTE, START_BIT BYTE. PATA_READY EYTE
- 15 XFER_SEG ENOS
16
-- 17 DATA_SEG SEGMENT PUBLIC
13 ENTRN YONT BVTE, KCNT-BYTE. THRUSTER_FIRE BYTE. ERROR BYTE
| » - 13 DRTR_SEG ENDS
] kG
- N GRE_SER SEGMENT PUELIC
P | 2 BIV_PIKET DR 1 DIP
i .
! a1 *4 ELRPSED_TIME W 1 PP
)
T 25 FIFTEEN [ 1 DUFe™
s oL i FOUF ] pLLT A ,‘
v
- "X &7 ¥_5CRLE_FACTOP g 83D
Wi | 22 H_X_ORAPHIC_POINT DH 1 DR ~ 7
P WA ) 26 H_Y_GRAPHIC_POINT DR { DU -«
3 ] >
WRB (1 @ HGAE_OFFSET W 1 DURL
o ' .
WD | 1 FIFTY DN 1 DUPO ‘
-
W 32 H_REP_FLAG 08 1 DUPCH -
3 , -
i
’ C-22 {
] -
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8056/5067/0688 NACRQ ASSEMBLER  PETER_RABBIT 04/47/89 PRGE 2
L e LIN  SOURCE
M0 13 V_REPFLAG DB 1 DUPCY)
Bl 34 BIGMISS DB 10UP(Y)
)
@12 (1 35 THRUSTER_FIRED DB 1D
??
3
37 GRE-SEG ENDS
38
29 CODE  SEGMENT PUBLIC ‘CODE
49
000 CAO6HOBARE R 4 GRESTARTUP: MV BIT_BUCKET,®
2005 (606110608 R 42 WV BIGMISS.®
00A (7801000086 R 3 WV ELAPSED.TIME. @
2010 (70607000F00 K 44 MV FIFTEEN, 150
2016 70605000400 K 45 MV FOR. 4D
8010 (7EGO0003200 R 46 MY FIFTV, 50
%22 [79600000562 R a7 MV HGRE_OFFSET, 7250
P25 0606120000 R ® MYV THRUSTER_FIRED, 8
M0 [5E6AF000R R 49 MV HREPFLAG @
B3Z (CC100B0 R 59 MV V_REP_FLAG @
9037 (2 51 RET
52
W3R EALRM 52 GRELGTFOV: MOV DX.008H
9038 260606000090 € 54 MV ES:DATA_REAOV. @
9041 EAID 55 WV AL@350 ; VECTOR MODE
P43 £32609 E % 0L oOuT
0046 E50900 57 CALL  CONTINE
49 €3 58 RET
59
B84 BRORAD 60 GRAPH_GAE_POINT: MOV DK, 808K
904D Bl €1 WYV AL 6340
P4F E06000 3 62 CRLL  cOuT
52 309 62 CONTINE: KR AKAX
W54 SAEA0L R 64 CW  BIT_BUCKET.1 ; IF SET THEN WE’RE ON PRSS THO
2059 7480 &5 E o NRMAL ;1.E ,LEFT SIDE OF SCREEN
WG SBIE100881 R 3 P VREPFLAG Y
067 7506 67 TE  NORWAL
9062 C78608004D97 R #3 MV HGRE_OFFSET, 8450
2065 BB1EAB0R R 69 NORMAL: MOV BX, HGREOFFSET
260 S1FBDS82 7 P BX. 725
9970 7412 7 Z o
872 81FB4DA3 7 P BX.845D
276 748C 73 oo
9878 F100009 £ 74 MY ALYONT
9978 B3(8 7 MV BL.298D
9070 2A0: 7 B BLAL
997F BRL: 7 MV ALBL
9081 £80499 78 P ONERD
9054 AGGE £ %X MV ALXONT
9057 409 80 ONWARD: v e
869 F7268300 R 8t ML FIFTEEN
c-23




866¢/3887/3988 MACRO ASSEMBLER

L 08s

208D F7Zv0508
W9 B3R
o™ 7CH1
#g3% 48

97 3B1EDRM
M98 BIT78L
099 81FB0SA
80A2 7413
80R4 81FB4DAT
R T4ap
00AA SR1EAG08
BORE Bol8
980 2R(::
082 BRDA
8084 EBE599
8987 SA1EGRE
8968 BOFBS4
09BE 7214
faCe 26C8
9802 8BUL
PaC4 SBiEGBER
868 3068800
80CC 3DF203
8aCF 7F15
@ed1 EpaD99
9804 28C1
99p6 Sp1Eopea
BeDR 2BDS
B0 7ELL
BAOE 8BL3
POEG R3e708
99E3 £B195%
BOEE C70687008F 203
@PEC £BBT90
QOEF (70607000006
06F5 ES2BE1
90Fg bpa3se
Q0FB F7E3
20FD 958808
@198 Fr360098
@14 83FALY
aier vCel
01689 49

#10A 300883
0180 7¢03
816F BLABO3

8112 A30%w
9115 BADHSO

8118 26903E000601
MIE 7585
120 B8L0

e

LINE

LEBBILIRRELSIB

167

13
114
113
118
117
118
119
120
121
122
13
124
125
126
127

130
131
132
133
134
135
136

PETER.RABBIT

SOURCE

GO_ONS:
ONWARDS :

ONWARD2 -
QVER_THERE .

GO_ONé

; THIS ROUTINE QUTPUTS HIGH ¥, LON ¥, HIIGH X AND LOW X FOR HORIZONTAL
;AIM ERROR TO ANG.

3% 333 FFRZEEI2ERRRIINEERRCRBIRNERRRTREEINGEZETYZ

2R3

FOR

DX, @20

600N

X

BX. HGRE_OFFSET
X, 3750

BX, 72%0

X2

BX. 8450

X2

BL, YONT

DL, 2080

OL. BL

BL. DL

ONWARDL

BL, XCNT

BL, 1640

SueT

X, A%

X, C¥

BX, HGRE..OFFSET
AX. HGRE .OFFSET
fiX, 18180
ONWARD3

GO_ONS

A%, O

B, HORE _OFFSET
BX, 8X

ONHARD2

A% BX
H_X_GRAPHIC_POINT, AX
QVER_THERE
H_X_GRAPHIC_POINT, 10180
OVER.THERE
H_X_GRAPHIC_PQINT. 8
e

BX, Y_SCALE_FACTOR
BX

fiX, 36000

FIFTY

DX, 25D

GO_ONd

fix

B4/47/09 PAGE 3 ~

4

PR

fX, 7790 ;1S TIME GOING YO EXCEED THE TOP (F |

GO_ON6

H_Y-GRAPHIC_POINT, AX
DX, 808H

ES:BAD_MISS, 1 ;BAD_NISS???

BY.PASS  IF YES THEN

AL.@350 ;GO TO VECTOR MODE

c-24

; THE ADM-3 SCREEN?? IF YES THEN REDUCE
A%, 779D ; THE MAGNITWDE TO 779D,

F 2 XY

# Ty
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8886/865 /8083 MACR) ASSEMBLER  PETER_RABBIT 04/17/89 PAGE 4
LOC 0BJ LIN  SOURCE
122 £30094 £ 1357 CALL  COUT  SELSE,STRY IN POINT MOOE
1)

9125 19996 R 178 BY_PRSS: MOV  AX H.V_GRAPHIC_POINT
5128 B19S 140 MV (LS
812R D3 141 SR AL
@120 241F 142 M AL ABB11111B
81 8029 142 R AL, 961600008
3130 £20800 £ 144 CRLL  COuT
9173 A10338 R 145 MV AX. H.Y_GRAPHIC_POINT
816 241F 146 D AL 898111118
A1 it 147 R AL, 811000008
@13A E5e0a0 £ 148 AL COuT
013D A197H R 149 NV AN H_X_GRAPHIC_POINT
8140 8195 159 MV LS
9142 DIEX 151 SR ARG
8144 241F 152 AD AL P9sL11118
8146 aC28 152 R AL, 001000008
9148 £80008 3 154 CALL  COuT
9146 A10700 R 155 MY AX. H_X_GRAPHIC_POINT
B14E 244F 156 M0  AL.Gest11118
2150 8049 157 R AL, 610000008
8152 ERP9A0 E 158 AL cout
7155 269036000001 € 159 P ES:BRD_MISS. 1
3158 751E 163 JME  BY_PRSS2
8150 BodF 161 MOY AL 8370 ; ALPHR MODE
J15F EBH0n E 162 CALL  couT
262 803E120681 R 163 M THRUSTER_FIRED, 1
267 7568 164 M AST
1169 ROSF 165 MY AL 1370 ;OUTPUT A ‘_° WHEN R THRUSTER FIRES.
3165 £20090 E 166 CALL  COUT
MeE E50899 167 M BY_PRSS2 |
2171 BE2A 165 RST: MOY AL 8520 ; QUTPUT ASTERISK |
3173 £50009 £ 169 CALL  CouT |
176 881D 170 MY AL 8IS0 ‘
BL78 E30000 £ 171 CALL  COuT ]
Ai7h SO2E000081 K 172 BY_PASS2: O BIT_BUCKET.1 |
4159 743 177 I RGAINZ ;
8152 8326010015 P 174 SE  ELAPSED_TIME, 220 ,USED TO 6 28
MB7 (606000081  F 175 MOY  BRIT_BUCKET.1 J
7180 J03EOFAABL R 176 ¥ HREP_FLAG.1 ;IF REP THEN R DIFFERENT OFFSET ‘
8191 7499 177 JE FBNORMAL. . FROM REGULAR 1S USED
8193 C7068800C300 R 178 MV HGRE.OFFSET. 195 ;CHANGE THE OFFSETS T0 GET
#199 EBB799 179 M ACROSS RERDY TO DO THE VERTICRLGRE
@15 C7poBEBOEFOR R 189 ABNORMAL: MOV HGRE_OFFSET. 2290
012 203EP00B(8 € 181 ACROSS: O YONT, 2080
K7 7210 182 JB AROUND
YIRS 260606000691 E 183 MY ES:BRD_MISS.4
ALFF C6P6PR0MA1 154 MY ERROR.1
N1k CERGOMMCS 185 MY YONT. 2000
JLlE+ EI96FE 186 FAROIND: P CONTINUE
B0 (606000000 P 187 AGRIN2. MOY  BIT_BUCKET,®
aIrL 703E120061 R 188 (M THRUSTER_FIRED. 1
BL06 7464 189 JE HERE
D1CB 260036000081 € 199 %  ES-FIRE_BIRD,A

© BICE 755 191 M HERE

Cc-25
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Bovorne ..., - i M e = ——
§086,5007,/9988 MACRO ASSEMBLER  PETER_RAEBIT 04/17/83 PAGE 5
Lo ol LINE SOURCE
3100 666120081 K 192 MoV THRUSTER_FIRED. 1
8105 (50600801 E 192 Mov THRUSTER.FIRE. 1
¢10A 686116861 R 194 v BIGMISS, 1
01DF 26(606090001 & 195 Hov £S:BAD_MISS, 1
#1ES CoBcaanant R 196 MovY BIT_BUCKET. L
O1ER ESc0 197 CALL T
@1ED 832E01001F 4 198 . ELAPSED_TIME, 22D
81F2 201680 199 Sue fix, 220
@1FS BB@30e 209 MOV BX, Y_SCALE_FACTOR
AiFg F7E3 261 ML BX
81FA 958868 282 A0 fiX, 30000
91FD F7260000 R 202 DIV FIFTY
8201 &3FAL9 204 e DX, 230
82064 7Ce1 285 JL GO_ON_ARND
8206 40 286 m Ax
0267 300883 207 GO_ON_ARND : cw RX, 7790
9208 7603 288 JNA GO_ON_ARND2
8200 B30BO3 289 MoV A%, 7790
a2k A3g490 R 21e GO_ON_ARND2 : MoV H_Y_GRAPHIC_POINT, AX
v:12 C70c07000008 K 21 Mov H_X_GRAPHIC_POINT. @
8:15 BAHGAD 22 oy DX, 8D8H
8218 b1l 213 MY fiL, 350
A210 ESORGY E 214 CALL  CcouT
azen E90:FF 215 A, 4 BY_PASS

26
a7
922 9396918810 14 218 TIME: f0D ELAPSED_TINE, 22D

0228 R16100 R 219 MOV X, ELAPSED_TIME

Bz:k (2 229 RET
21

82:0 BRDGAG 222 HERE : MoV DX, 808H
@22F BBAC 223 MY AL, 0340 ; CHANGE RGB TO POINT MODE
9231 E60HR0 3 224 AL cout
8274 C7T0A0B0R05EZ R es] MoV HGRE_QFFSET, 7250

226
923/ 383£110081 R 227 cw BIG_MISS, 1
92:F 751¢ 228 JNE LERYE

241 26(6060000M £ 229 MoV €S:BRO_MISS. @
0247 (hanbonees R 238 MOV BIT_BUCKET. 8
8240 26(60600000 E 231 mov ES:FIRE_BIRD, 8
8252 (606110008 R 32 MoV BIG.MISS. 8
9257 (606120008 P 233 LERYE : Moy THRUSTER_F IRED, @
82N > 234 RET

2395
236
- 237 CODE ENDS
238
239 N

RSSEMBLY COMPLETE, NO ERRORS FOUND
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BAB6/3037 /4088 MACRD ASSEMBLER  MARLYN_MONROE 84/17/09 PAGE 1
SEFIES-111 5886/8087/8038 MACRD RSSEMBLER V4. @ RSSEMELY OF MODULE MARLYN_MONROE
UBJECT MODULE PLACED IN FZ2:RETRO. 0BJ
INVOCATION LINE CONTROLS:  DEBUG
LOC 08I LINE  SOURCE
1 NAME  MARLYN_MONROE
| 2 PUBLIC GRAPHL, COUT, CIN, GRAPH_YREP, GRAPH_HREP. USART_SET_UP_FOR_ADM
; 3 PUBLIC DELAY_3
; 4
‘ 2 CGROUP  GROUP  CODE
7 RSSUME (S:CGROWP
9
9  CODE  SEGMENT PUBLIC ‘CODE’
10
Ha0E 11 TIMERCNTRL  EQU  @p6H
9604 12 TIMERCNTRLZ EQU  #D4H
8086 13 CNTR2_MODE EW  98eH
2904 14 LOW-AOM U o4
4000 15 HIGH_ADM X oo
0a0A 16 USARTCNTRL  EQU  80DMM
2040 17 USPRT_RESET  EQU  48M
H4E 18 USART_MODE ) 4EH
G 19 USARTCMMD  EQU 3
PA0E 2 USART.STATUS EQU  @DEH
pil
@S 22 DELAY_VAL Ey  7H
P
24
,' 2009 1D 25 PICPOINTS DB 1DH: 21H, 7CH, 2FH. S4H. 23H, 6CH, 2FH, S4H. 440. 1440, 9650, 1270
‘: a8l 21
2002 7C
2097 2F
2004 54
R0CS 23
0096 6C
8067 2F
. 0008 54
2009 24
900A 64
2098 35
P08 57
9900 36 2% PICPDINTSL DB 8660, 1570, 9660, 1120, @660, 1570, A660, 1360, 440. 1440. 867D, 1230, 42
0, 1540, 8750, 1260, 410
W00E 6F
800F 36
8319 4A
o811 3%
@012 6F
8813 36
M4 5
2015 24
6 4
017 i7
. 7 e 53
- . C"27




+00¢/8087./8638 MACRO ASSEMBLER  MARLYN_MONROE 84/17/89 PRGE 2 ~ .

L el LINE SOURCE

WAL 23
GRS )
B D -
ML 56
a0 21
#a1F 7C 27 PICPOINTS2 0B 1740, 8730, 1260, 410, 1740, 570. 1240, 8350, 410. 1740, A660, 1250, P660
» 1570, 0660

PBF 3D
078 N6

21 21
8822 70
8022
0824 54
98625 10
9926 24
8827 7C
2028 36
0029 55
MAZA 35 :
0828 6F
280 36
8820 55 22 PICPOINTSI DB 1250, 340, 640. 1640 660, 1230, 620. 1780, 660, 1230. 600, 1740, 660, 123

0, 570, 1400, 660, 1230, 550, 1440, 660, 1220, 530

802 1T
PAZF 4
0039 74
a1 26
2032 53
333 32
324 75
@3S 5
8635 57
0037 3o
9838 7C
9839 36
#O3R 53 :
0938 2F -
093C 69
Po3D 36 .
#93E 53 i
0e3F 20 i
9848 64
woe1 36 g
o4z 53 “ -
0343 28
0444 68 29 PICPOINTS4 08 1500, 660, 1230, 510, 1540. 660. 1230, 470, 1600 680, 1230, 450. 1640, 66 b ﬁ

0, 1230, 430. 1780, 660, 1230, 640, 1640, 660
a5 26
9345 53 .
w47 29 .
P48 Ff .
2045 76
MR 53
PR 27
e 76

Cc-28




QUSE.ROB7 5888 MACPD ASSEMBLER  MARLYN_MONROE 84/17/89 PRGF 3

LOC OB LINE SOURCE

ENTS) =
2835 2

7 K] PICPOINTSS e 1270, 620, 179 660

a5t 57 3 PICPOINTSE D& 1270, 680, 1740, 660, 1270, 570. 1400, 660, 1270, 550, 1440, 660, 1270, 53
0, 1580, 660, 1270, 510

% L
i S
Win2 57
wae? 2F
wand 69
RS 2%
0866 57
s X
S R4
A 57
MR 2B
el T
BOE 57
906F 29
{ 2370 &C 32 PICPQINTST DB 1340. 660, 1270. 470, 1600. #60. 1270
‘ 0871 36
o w72 57
. s 27
i 74 T
1 w75 36
\ wa7é 57
} @977 25

PICPOINTSS DR 430, 1640, 660. 1270. 430. 1780, 660. 1270, 250. 570, 1640, 560, 1140. 370
1240

1
a3

; ’ 075 74
2079 36

N 9478 57
2070 2:

9a7C T8

7D %6

MvE 57

M7F 10

B 2F

. oes1 74

c-29
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£8986./3987/0658 MACRO ASSEMELER

Loc 08l

%82 £
8882 4(
8884 1F
0885 M4
8986 1D
0887 2
0as8 76
0089 2
868A 4r
285k 1F
@usC 49
998D 10
@88t 2D
B88F 78
8090 2t
0891 4C
0092 1F
8993 4D
8034 10

0895 2(
08% 7A
7 2k
0095 4C
0899 1F
089A 45
0098 10
883C 2A
P99 7E
099 2t
P9 4C
09 1F
ABR1L 53
00R2 10
00A3 2R

13
A

Xy

MARLYN_MONROE

LINE SOURCE

4 PICPOINTSI 0B

Pl -DINTS18 L]
- >3 520, §+00. 560, 1140

PICPOINTSL b8
» 630, 1440, 560, 1220

350, 560, 1660, S

350, 540, 1720 560. 1140. 370, 1850, 230, 520, 1760, 560 1140, 270, 1230

370, 1850, 350, 510 1420. 560. 1140, 270, 1630. X50. 610, 1770, 560, 1220

C-30

84/47/89 PRGE

, 1140, 370, 1110, 250, 550, 1760, 560 1140, 370, 1150

PR




A BORE/CAR7/5AR2 MACRY ASSEMBLER  MAPLYN_MONROE P4/17/89 PRGE S

2 LOC DBJ LINE SOURCE

epea 1o IF PICPOINTSAZ D 620. 1560, 560, 1300, 330. 620, 1660. 560, 1140. £20, 1440, 560. 1220

8aCs 52
e D PICPOINTSA3 pB 350, 440, 1660, 570, 1240, =70 580. 1140. 1850, 1060, 1240, 540, 350, 440
<1660, 740. 1210

tad
=

n
—_-
~n

yel

PICPOINTS14 L] 370. 300. 1229, 1110, 1870, 1180, 1240, 510

3
=
3

48 PICPOINTSIS DB 240,410, 1710, 570, 1240. 410, 1660, 570, 1240. 410. 1740 “40. 1830, 410
, 1660, 600, 1620




'|lllq-'-'!lllllilii--...q_,n_m““.

R036./9087 /8ALR MH(FD RSSEMBL

LK oy L1

#2EC 21
WoED 7t
AGEE 3o
BOEF 4
aare 21

@aFL 78
8oF2 o
00F3 52
90F4 21
o S
L L
F? Sc
86F8 21
80F3 79
-MFR 21
BOFB 41
00FC 21
09FD 7t
; 88FE 31
00FF 41
: ) 8106 21

e 79
AMaz 1
9163 S0
8184 21
3185 76
M6
ata? 50
8168 21
0109 79
B10R 31
9108 S
ol 21
61l 76
010t 31
AeF S5F
d11@ 21

é111 79
8112 32
8117 4
niid 21
f11% i
#ie o
i 4E
Mg
gLLe 79
aL1p iz
7118 SO
e11l 24
N1b 76
A11E 32
611F 50

EF

NE

#

42

43

MARL YN.MONROE

SOURCE

PICPOINTS16
0,610. 1640

PICPOINTS1?
0,610, 1370

PICPIINTS1S
0, 520: 1350

DB

L3

08

04/17/83 PAGE 6

410, 1740, 680, 1220, 410, 1660, 680, 1220, 410, 1710. 610. 1610. 410, 166

410, 1710, 640, 1200, 410. 1660. 610. 1200, 410, 1710, 610, 1370, 410, 166

410, 1710, 620, 1160, 410, 1660, 620, 1160, 430. 1740, 620, $350. 410 166 «

o

c-32
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BaGe/8887/8058 MACRD ASSEMBLER  MARLYN_MONROE Bd/47/95 PRGE 7

L oBJ LINE SOURCE

6120 21 44 PICPOINTSA9 DB 410, 1740, 630, 1140, 410, 1640, 620. 1140, 410, 17140. 620. 1230, 410. 166
0. 630 1330

aler 79

ALee 33

8122 4L

a124 21

9125 76

@126 3

8127 4L

0128 21

8129 79

A12R 33

8128 5B

612C 21

#2D 76

612€ 33

812F 38

6130 21 45 PICPOINTS28 D8 410, 1710, 640, 1120, 410, 1660, 640. 1120, 410. 1710. £40. 1310, 410, 166
0. 640, 1210

8131 79

0132 34

8132 4A

2134 24

8135 76

8136 34

0437 A

0138 24

39 79

B3R 34

3138 59

813C 21

@30 76

P13E 34

81:F 59

8140 24 46 PICPOINTS21 DR 410, 1710. 650, 1180, 410. 1660, €30, 11080, 410, 1740, §30. 1270, 410. 186
0,630, 1270

a141 79

uldée 35

8143 48

0144 21

145 76

alds 35

8147 48

A48 2

6149 79

AL4h 25

alde 57

M4C 21

a1d0 76

B14E 25

14 57

6156 21 .14 PICPOINTSZ22 08 410, 1710, 660. 1860 410, 1660 660. 18, 410. 1710, 660. 1250. 410. 166
0, 660, 1250

Ms1 79

Mz 36




wore/BAGT /5098 MACKD RSSEMBLER  MARLYN_MONROE

LT 23]

AL57 do
154 21
@155 7¢
15 ¢
97 44
w158 o
5% 79
a15] 38
2158 95
213 21
a1sp 7%
#15E Y6
@15F 95
616@ 21

#161 79
a2 37
Aol 44
flnd
a165 T
whe 37
157 44
aleg 2}
ale 79
Afef 27
A16R 53
a1sc 21
a1eD 76
Mk 37
alnf 93
vi’g 21

w71 79
8172 36
AL72 42
al74 21
3175 76
4176 28
niiv 42
wi7g 21
2479 79
ALk 38
4178 1
e 21
N7 76
817 @
Bi7F 51
A1ee 21

3181 79
QL2 39
v18s 46
8154 21
3¢5 76
#19% 39

LIN

48

49

50

SOURCE

FICPOINTS2Z
0, 670, 1230

PICPOINTS24
0 780, 1210

PICPOINTSZS
0. 710, 1570

DB

DB

U

B4/17/69 PAGE 8

410, 1740, 670. 1840, 410, 1660, €70, 1647, 410. 1710, 670, 1230, 410. 166

410, 1710. 700, 1820. 410. 160, 780, 1820, 410, 1710, 740, 1240. 410, 165

410, 1710, 710. 1080, 410. 1660 710. 1820, 410. 1710, 710. 1170 410, 166

C-34




S0 38872488 MACPO ASSEMBLEF  MARLYN_MONRCE /17789 PRGE 9

L 081 LINE SOURCE

ALET 48
A1ee 21

B1:9 79

BLen 13

MR IF

@18 21

2180 7%

2186 39

MOF ¢F

a1 21 51 PICPOINTS2E DB 410.1710. 740, 1360, 410, 1660, 740, 1360, 410. 1710. 720 1450. 410, 168

0,720, 1150

! a191 79

919z 39

M9: S

a4 2

5 75

: B1% 39

{ R

a2

L 199 79

G193

9198 40

9190 21

930 76

LE
019
9100

2&s

52 PICPOINTS27 DB 410, 1710, 720. 1240, 410, 1660. 720, 1340, 410, 1740, 730 4430, 410, 16¢
0, 730, 1430
e1f
BLR2
, CICR
] #1A4
#1A5
a1p6
' P1A7
i 91R8
] 2109
. A1
e
ALAC
MAL 76
ALHE 26
‘ HAF 45
' 2188 21 53 PICPOINTS28 DB 410,1740. 730, 4320, 410, 1660, 730. 1320. 410. 1740, 740. 1410, 420, 166
0, 240, 1110

=d PO [RC IR I (LI [ I B 4 -
A& RISy LY S

viBl 79

* ¢182
#1B3 SH

B4 1

3185 76

8185 B

ME? SR

9183 24

8183 79

- #1BR 2C

Cc-35
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o R —————

2856, 20579888 MACRO ASSEMBLER  MARLYN_MONPOE M/17/09 PAGE 10 .- .

LU OE) LINE SIURCE

aiBB 49
8180 21
8180 7o T
81BE 3C
a18F 49
aice 21 PICPOINTS29 bB 440, 1710, 740. 1300, 410. 1550, 740, 1300, 410. 1740, 750, 1670, 410, 166

0, 750. 1870

?

w01 79
172 3

BC2 55

@tte 2

B1CS 76

MiE

#107 58

B1c8 21

#109 73

BACA 3

o1cB 47

PACE 2L

o1ch 76

PACE 30

oUCF 47

#1068 21 S5 PICPOINTSI® DB 440,1710, 750, 1260, 410, 1660, 750, 1260

@101 79

#102 W

#1D3 56

8104 21

B105 76

o106 30 X
o107 5 '

B &

PICPOINTSL DR 350, 410, 1740, 420, 1140, 420, 1740, 420 1140, 440, 1650, 450, 1650, 660
,1570, 450, 1310 L

@108 10

Mnh9 24

' 410h 7C
8108 22 T

DL 40 - J

aipp 22

91Dk 79

olF 22

#1e0 4

AlEL 24

WE2Z 75

BLET &5

B1E4 45

B1ES 3%

9iE6 6F

B1€7 25

01£8 59

81E9 36 58 PICPOINTSZE DB 660, 1570, 460, 1140, 440. 1630, 470, 1640, 420, 1740. 550, 1230, 430, 174

0,550, 1230

MERA 6F

BLEE 20

B1EC 4

v HMED 24
C-36
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e /G5, /88%S MRCRO RSSEMBLER  MARLYN_MINROE 6d/17/69 FAGE 11

L Ol LINE SIURCE

LEE S

SAEF 27

AtFa 41

Akl 22

iF2 79

o1Fs X

WiF4 53

a1Fs 21

ALFE 70

aLF7 20

aiFg 53

NF9 21 59 FICPOINTSIZ R 410, 1740, 420, 1140, 230, 410, 1740, 460. 1820, 660, 1570. 460, 1820
a1FR 7C

BiFR 22

a1Fr 4C

g1F0 10

BIFE 21

G1FF 7C

8200 26

2 R XS

a2 26

6292 6F

2204 ¥

a5 4

228 11 ] PICPOINTS24 pe 240, 640, 1640, 460. 1610 €20 1700, 460, 1810. €80, 1740, 460, 1810, 570

» 1480, 460, 1010

acqr 4

208 74

¥h9 2o

n20R 41

a2l 7k
a8l ¢
A20E 41
n2oF 9
818 7
211 2
1212 44
213 F
W14 B
215 co
nsin 44
817 b ¢1 PICPOINTS2S DB 550. 1440, 460. 1610, 530, 1580, 460, 1010, 510, 1540, 460, 1610, 470. 168

w18 o4
{ 8219 26
821A 41

P A1k P
! W, 6
w1 -

uclE 41

weif 22

2226 o

8221 on

13 vile 43

. C-37




e R —

8085/3887/6808 MACRO ASSEMBLER  MARLYN_MONRCE 84/17/09 PRGE 12 i

Loc opl LIN SOURCE - »

0223 27
8224 70
v229 2¢
9226 41
8227 25 62 PICPOINTS26 o 450, 1640, 460. 1040, 430, 1780, 460. 1@10. 640. 1640. 450, 1850, 620, 178 ;
0, 460, 1350 o

9223 74
8229 26 -
822 41

8226 2%

a22( 78

82D 26

#22k 41

B22F 34

8238 74

23l 26 S
Az32 45
9232 32
9274 78
9235 26
8236 45
8237 @

o
tat

PICPOINTSZ? DB 680, 1740, 460, 1850, 570. 1460, 460. 1850, 530, 1440. 460. 1650, 530, 150
0. 460, 1850
923e 7C
9238 2%
023R 45
#9238 2F
@23C 60
823D 26
@23E 45 |
B23F 20
0249 64
241 26
n242 45
8243 28
0244 68
0245 Z4 ]
8246 45 ]
o 8247 29 &4 FICPOINTS3® DB 510. 1540. 460. 1050, 479. 1500, 460. 1850 450. 1640. 460. 1850, 430.178 '
0. 460, 1850 - .
0248 nC
8249 26 -~
E . #24R 45
624e 27
A4 70
024D 26 s -
#24E 4% - -
A24F 25
9258 74 -
8251 26 ’
a252 45
853 22 ..
8254 78 i ¢
9255 26 s
8256 45

z' C-38 ( )




SRR ERAT

OB T
@239 22
B2 dC
2% 21
L
wesh 22
B9E 4
B 21
dchn T
w261 2
e
AZes &
wed 7
Ay 22
nZo6 SE
267 21

Pe o

-4

A

265 79
9269 23
A26A 4A
268 21
A26C 76
2l 22
W26E 4A
W 1
278 73
a1 2
w7 5
w2y
ni’q v
0275 23
a2 59
w2

e 74
w2ry 24
27 4¢
6:78 21
27 Te
Azl 24
B2t 4§
aF 2l
w288 79
el 4
nu:82 57
w282 21
34 TR
285 24
"Z86 57

w7 21

AR

azea s

“adt MRACRQ ASSEMBLER

{ARLIN_MONROE

LINE SUFCE

a3 FICPOINTSZS ]
0.420. 1320

3 PICPOINTS44 08
(. 430. 1340

&7 PICPOINTS4L be
0. 440). 1270

8 PICPOINTS42 LB
(i, 450. 1250

44/17/09 PAGE 1:

410, 1710, 420. 1140, 410 1660, 420 1140, 410. 4710. 420, 1330 410 168

410. 1710, 430, 1120, 410, 1660, 430. 1120, 440, 1710. 430, 1340. 410, 156

410, 1740, 440, 1100. 410, 1660. 440, 1180. 410. 1710, 440, 1270, 410- 16

410, 1740. 450. 1060, 410, 1660. 450, 1660. 410. 1710, 450, 12°0. 410, 166

C-39

L il o,




CHMRE ST /B0RE HACRD ASSEMBLER  MARLYN_MONROE 84/17/09 PRGE 14

vk gl LINE SOURCE

a9t 69 PICPOINTS43 be 410, 1710, 460 1020 410, 1660 460, 1620, 440, 1710. 460, 1220, 410, 166
0. 450, 1230

WAL 26
82R2 S
AZA2 A
AZR4 76
A2RS 26
W2RE 53
AZR7 2 79 PICPOINTS44 DB 410. 1710. 470. 1820, 410, 165 470, 1020. 410. 1710, 47G. 1240, 410. 166
0 470, 1210

WS 79
82R% 27
8RR 42 ¢
AR 2 i
QR 76 ]
2D 27

- BZFE 42

. a2RF 21

b 9280 79

| a2l 27

: #282 51

@283 21

8264 76

8285 27

8286 51

. A287 21 74 PICPOINTSS DR 410, 1710. 500- 1680, 410. 1660, 500, 100", 410. 1710, 580. 1170, 410, 166
0,580, 4170

8268 79
#2B9 28
02EA 40
a8 21
wzeC 76
8280 28
* C-40




JEn, BBL7/3@B8 MACRD ASSEMBLER  MARLYN_MONRDE 84/17/65 PRGE 1S

U 3 LINE SMRCE

WBE 4n
AR &)
L)
WL ¢8
a2 4F
w3 21
B2t 76
A2ACS 28
906 4F
a7 2 PICPOINTS4S ¥ ] 410: 1710, 500, 1360, 410, 1660, 540, 1360. 410. 1710. 510, 1150, 410, 166
0,510. 1130

~J
~

axeg 79
a2
92(A SE
@2’ 24
a2eC Tk
arp 22
ACE 5E
92CF 21 )
8208 79 ]
Wby 29
A2z 40
welr 21
2204 v
2205 29
w2bé 40
8207 21

=
[N )

PICPOINTS4? DR 410.1710. 540, 1340, 410, 1660. 540, 1340, 410. 1710, 520, 1130. 410, 165
0, 520, 1130

8208 79

8209 29

A2 5

82D 21

a2 7%

4200 29 1
J20E. 5C

B20F 21

A2 79

B2EL 2

BE2 48

BEI A

824 7%

A5 2R

AZE6 48

WET 2 74 PICPOINTS43 DB 410.1710, 520 1320 410, 1660. 520. 1320, 410. 4740, 530, 1110, 410, 166
0. 530, 1440

" 82E5 79
; N2k 2R
kR SR
7,3 P41
A’ 76
@2tD 2R
: ' ’ BZEE S
a%F 21
Aka 79
. %, #F1 B
’ . C~41

e i acn . APIPRR




AHSF/2957 /8088 MACRO ASSEMBLER  MARLYN._MONROE B4/17/85 PHGE 16 -

L bl LINe SOURCE -~

OF 2 49

WFI A

AF4 76

0FS 28

925 49

87 21 75 PICPOINTS4® DB 410, 1740, 530, 1380. 410, 1660, 530. 1380, 410. 1740, 540, 1670, 410, 166
0, 40, 1070

I L & e A

42¥g 79
w29 28
B2fR 53
axXB 2 3
8¥C 7o
8:F0 2B
d2FE 58
AFF 2
asae 79
A:01 2C
9302 47
8383 <1
@204 75
w3ies
8386 47
a7 A1 7% PICPOINTSS@ 0B 410, 1710. 540, 1260, 410, 1660, 540, 1260, 410. 1740, F50. 1850, 410, 166
0, 550. 1850

%88 T3

3309 2C

#38A 5¢

2708 21

a3ec 76

0300 2C

A30E 56

a0F 2

A318 79

#3L1 o

8312 45

|

W34 76 -

@315 20

8316 45 w
- 9317 21 PICPOINTSS1 ] 410, 1710, 550. 1230, 410. 1660, 550. 1230 <

a:18 73

3319 20 ’

A31R 52 *

4318 21 h

w0 %

1310 20 .

W31E 53 -

@31F 10 78 PICPOINTSSZ 7] 350, 440, 1660, 420, 1140, 370, 580, 1250. 1200, 510, 350. 440, 1660, 540,

1240 -

-~
=1

8340 24
@321 7
9322 27 .
4325 47 A
%24 IF .
9225 %

) c-42 ( ‘




— e

8886/8067/8088 MACRO ASSEMBLER  MARLYN_MONRUE 04/17/89 PAGE 17

L 0RJ

4126 %
9327
8128 29
@329 10
B32R 24
9328 76
932C 8
8320 4
AI2E IF
@32F 28
#3309 44
8331 9F
8332 57
8333 4E
a4 29
Az a0
@33 18

LS A1)

T
o
I
Az S
DN
ATD 7R
LR I
Ak Sk
Aiqn 24
R
Wode 4
343 4F
3344 %

s X
RS
i

B34S of
Qi
34, 4
g n
9349 oF

4R 3f
BI4E W
340 24
w34D 76
W.4E 3B
a34F 4B
a3 g

LINE

9

SOURCE

PICPOINTSSS 08 370, 580, 1840, 1170. 1270, 1160, 510, 150. 380

LAST  LABEL  WORD

START VERTICAL REP DATA

i START VERTICAL ENVELOPE

YREPL 08 350, 410, 1740, 620, 1350, 420. 1720 £.20. 1350, 440. 1660. 740,
1170

YREP2 bE €60 1570. 720. 1240, ¢80, 1570, 720. 1260. 440, 1660, 720

14300 420, 1720. 760, 1820




g6 HO87 /5058 MACRO ASSEMELER  MARLYN_MONROE 84/17/69 PRGE 16

U 23

Wi TR
DM Y

35 ju

AZbe 24
8e” 76
8368 U
8369 1
@B36R IF
B1oB 2t
836C o5
#36D S
Q36E 29
836F 1D
8370 24
8371 76
@372 35
IR
074 IF

I7S 28
75 44
0:77 4fF
8375 57
8379 4t
7R 29

4178 10

Wil 21
a7 79
827 32
8 D
0388 21

LINE SOUPCE
92 YREPS bR 410, 1740, 760, 1020, 410, 17403 620, 1356. 350. 440 1740 720,
1150, 660, 1570, 720, 115¢
9 ;END VERT ENVELUPE
% START WORDS "UP, DUAN" ON RIGHT SIDE OF SCREEN
k) YREP4 DB 330 440, 1660, 750, 1210, 370. 580. 1250, 1260, 510, =501, 440,

1650, 630, 1340. 370, 580, 1640, 1170, 127" 1160, 510

% “END
97 (START VERTICAL REP MIL TICS
98 VREPS b8 340, 410, 1740, 620. 1350 440, 1660, =20, 1357, 440. 1710, 630,
1140, 410, 1660
C-44
e s Y TSRO . .




T e e e

3aR6/3057 /3888 MACRO ASSEMBLER

Loc o8l

@381 7o
0382
8333
3384
9385
axdo
a387
9388
@389
838A
2368
838C 21
8380 79
938E 33
u38F 5B
9390 21
@391 76
8392 33
8393 5B
8394 24

BELUER8R

R N N
DA S 8

&

@395 79
23% 34
2397 4
8395 21
399 76
@39A 34
@398 4n
a3 21
azs0p 79
839 34
B29F 59
83h0 21
@3A1 7o
@3Ac 34
82a3 59
B3Re 21

#3/5 79
83f6 25
A3A7 42
a3a8 21
A3A9 ¢
@3AR 35
#3AB 48
a3RC 21
A3R0 79
A€ 35
@30F 57
9389 21
8381 7h
5382 35
9383 57
3284 21

LINE

100

181

162

MARL YN_MONROE /17769 PAGE

SOURCE

YREPSS e 630. 1140, 410, 1710, 630, 1230, 410, 1660. 630, 1330

YREPE ] 410, 1740, 640, 1120, 410, 1660, 640, 1120, 410, 1740 540. 1240,
410, 1660, 640, 1310

YREP?7 08 41 4710, ©30. 1147, 440- 1660 630 1160, 410, 1710. 650. 1270,
410, 1660, 650, 1270

VREP? 08 410, 1740, 660. 1860, 410, 1660, 660. 1660, 410, 1710, 660, 1250,

410, 1660, 660, 1250

C-45

LIV SRSV PR W e dinas




2086/8637/8888 MACRD ASSEMBLER  MARLYN_MONROE #4/17/69 PAGE 20 -

LoC 08J LIN SOURCE -~

8385 79
A2B6 3¢ :
8387 46 ‘
8388 21
@389 75
038R 36
8388 46
038C 21
838D 79
@3BE 36
@3BF 55
9300 21
a3ct 76
8C2 36
833 55
@34 21 163 YREP9 08 410, 1710, 670, 1840, 410, 1660, 670, 1840, 410, 1740, 620, 1230,
410, 1660, 670. 1230
2r5 79
9206 37
@30T 44
@308 21
@303 76
@R W
aiB 44
83cc 21
83CD 79
@3CE 27
#3CF 53
@300 2t
@31 76
82 37
8303 52
8304 21 104 YREP10 08 410. 1710. 700, 1620. 410, 1660. 780. 1620, 410. 1740, 760, 1210,
410, 1660, 780, 1210
8305 79
306 8
307 42
8208 21
A%09 76 -
9IDR 35 -
8308 42
a30C 21 ’
a0H 79
930E 38 -
@30F 51
A0 21
ML 75 -
932 38
933 51 -
@34 21 105  VREPL1 DB 410. 1710, 740, 1600, 410, 1660, 710, 1080, 410, 1710, 710. 1470,
410, 1660, 710, 1170

225 ™
#3E6 29
8sk? 49
62E8 21
C-46




8886/8087/6288 MACRO ASSEMBLER  MARLYN_MONROE 84/17/85 PAGE 24

LoC 0BJ LINE SOURCE

8369 76
B3EA 39
03B 48
@3eC 2t
@3ED 79
@3EE 39
@3EF 4F
3Fe 21
3F1 76
93F2 39
83F3 4F
03F4 2 106  WREPL2 08 410, 1740, 710. 1360, 410, 1660, 710, 1360, 410. 1710, 720, 1150,
410, 1660, 720, 1150
83FS 79
@3F6 39
93F7 5
a3F8 21
83F9 76
93FA 39
83FB SE
83FC 21
3FD 79
@3FE 3R
@3FF 4D
8400 21
8401 76
9462 3R
34a3 40
: 3464 21 167 WREPL2 De 410, 1740, 720, 1240, 410. 1660, 720, 1340, 410, 1710, 730, 1130,
i 410, 1660, 730, 1130
24@5 79
8406 3R
467 5
9408 21
8409 76
940A 30
0468 5C
s 940C 21
848D 79
046€ 38
[ O40F 4B

9410 21
a1 76
. 8412 38
’ 9413 48
! 414 21 108 VREPY4 DB 410,1740, 730, 4320, 410, 1660, 730, 1320, 410, 1740, 740, 1110,
; 410, 1660, 740, 1110
8415 79
9416 38
447 5A
/ 0418 24
S 0419 76
041A 38
418
. eca
T c~47




Wl
Mt
Mk

a4

crLooar

:b

a4l

ez
ndg’

[
Adds

iy T
Ay o

viddA
ndd -
vl

vMQt‘, .

vdd

~ddf
AddF

)
3H

st M el NSSEMBLER MR LYN_MCR S

CINE LTINS

19 YFEPLS

114 YREPAS

1t JEND
112 START TIME TICS
113 YEEPLE

114 YREPL?

AULFEs PRGE

bk 410, 1740, 740. 1200. 440, 1¢e. 740, 1300, 490, 1710 TS0 [o7G

b8 440, 1660, 730, 1870, 410, 1710, 759, 1250 410, Je60, 790, 1260

0. 1130, €20, 1780 720. 1130 v@Q, 1740, 720

113 550, 1440, 720 1430, 530, 1560. 720, 1130 540 1540, 7ol 1420
470, 1680 720, 1130

C-48

[,



AvEn RS SaEs MR JESEMBLER HRFL YAt 84/17789  PROE
.

L g L_INE TiRCE

KELAY Y

ARG
SRS
s M
3 SE
g o
JaSn Fr
WiST R
AR YT
w53 ¢
B4R T

458 A

#5C db

@45 25 115 YREF18 ik 450, 1640, 720, 1430, 470, 1780, 720 LLZ0 640 Ledid 7200 1470

620 1740, 720, 1170

&

] WS
A45F IH
Adon 48

e 78
URT A
wied 3
WdeE 14
e T8

wie ot

MAA 13

wdef T

nwaok "R

ade 4F

ol 6 1ic YREF1S ot S0, 1740, 7270 1470, 570 1480, 720, 1470, 5§50, 4440, 720, 1170
1, 1560, 720, 1470

Rgnf 7O
@5k CH
47 4F
M7k
M7z 5h
47T T
- 3474 4F
47" 20
Ak
NG ZH
Wdi'n dF
A 2R
TR nR
@478 A

a47C 4F
y a4 29 i YREP2R ] 10, 4540, 720 U705 470 1600, 720. 1170, 450. 1640, T20. 1170

430, 1790, 720, 1170
T )
04?F z
450 IF
w8y 2?7
Mg 7

2483 3R

Cc-49




-

yrTTE TS T

.

sl

M-

WRT 3

[0 B

-

X el
Wi -

Wil

il

4aE
240F
1499
g4y
8492
w93
h494
M95
Qe
Ul eh
i
499
bR
Btk )
490
MY
e
4 HF
4R
4R
ndRZ
WaR"

wdhd

W4HS
e
QNN
RS
DALY

N4RA 2

WA

ey )

R {]

1p

2F
74
2F
W
1F

10

it
<E
Rl
tF
44
b
D
8
3
4
IF
40
g
a0
2t
4
1F
45
1p

PR

R I9E NRCRD RCSEMBLER Mo

AR T

115
115
12@

122

.

e #4/17/85 PROE o4

“OURCE

JEND

i STHRT “TIME-SEC ARROW"

YREP21 DB 390. 570, 1640, 560+ 1140, 270, 1240, 350, S60. 1660. 560, 1140
170, 1110, 350, 330, 1780, 560. 114G, 370, 1150

YREPZZ DB 35 540. 1720. 560, 1140, 370, 1850, 230. 520, 1760, 560. 1140

YREPB2 L] 370, 1230, 350, 520, 1480, 350, 1140, 270. 1830, 250, S40, 1420

C-50

i

~..n.~...L_;.;n;..L SN WP PP S Y



4

A e T SRS MECRO ASSEMBLER FRFL YN_MONRGE Bd/47/85 PRGE S

LO0 OB LINE SQURCE

HES 29

WE I B2

uiRR

WEE

g F

VR0 4

wiBE 1D 124 VREF 24 DB 50, 640, 1770, 560. 1220, 630. 1441, 560, 4 220, F20. 168 Shll

RS

AT

ML

Wz 52

w2 33

L4 nd

WS ZE

04re 52

ah Ty

s 78

84c9 £

A S8 125 YREPA bR 1200, 290, £20. 1660. 580, 1140, 620. 1440, 560. 1220

»4CE 10

il 32

ML 76

wLE 2E

wCF d4C

Adlm 37

wWpt Rg

Wi (F ;

Wl S ;
126 JEND j
17 +START LEFT ENVELOPE i

e L 1en VREPZS 1] 350, 410, 1740, 550. 1110 410, 1740, 420. 1600, 60, 1570. 420. !

1090

YREPZ3 ] S60. 1140, 270, 1830

o
o
]

*0S
M 71
Wi CE
i 43
w9 21
o DR 7
4B 2c i
sl 49
3 i e
s e
1 WDF io
' WER 40
t 129  END
130 (STAFT “MISST E ABRIVE GROUND (FEET)"
a Wil 1D 121 YREF 26 DB 350, 490. 1760. 420. 1100, 370, 1150, 4140, 12300 1230
1110, 1140, 1050 480. 1210, 1820. 1170 1260. 1950

wik2 20
WE: 7E
a2
BIES 4y
MEE 1F !
AdF 4 ,
MER 49 |

. c-51




wvng. paET AR HACRD RSSEMBLER  MARL'YN_MONRGE ad/17/85 PRGE v

=

LN R LINE SUURCE

(GRS
wdbn S0
WIEB ¢
A4EC o
veap o 45
wirr 2@
WiEF 41
ol 47
VMELJF
ke 96
wiF . 43
wird 20 13 YPEPBE DB 490, 1970, 1220. 1170, 1250, 1160 1640, 480, 580. 1660, 1850.
1850, 1240, 510. 350

o

WFS 47
wdFr S
MFT ¥
ik 35
Adr JE
wdf e dq
WiFE. 2R
wFL 2%
WFL 46
WIEE 49
MFF 45
Ll TC
L B
DAt

KR END 3
3 - 134 CSTART "GROUNG LEVEL" !
' @, D 135 YREPSS 08 250. €30, 1440, 440, 1190, 370 18770, 350, 620 1460, 430, 110,
370, 1220. 350, 610, 1580, 410, 1180, 376, 1170
A5 5 !
nwma rd
goes 24
_ @587 48
F im 1F
" SR
a9 LD
9568 32
358 £6
9590 24
B90€ 4§
ASOF 1F
“S18 e
514 1D
512 31
A
4 2t
1915 dr
51 1F
w517 &F
W51% 10 13 YRERZ? e 250. 680, 1520 410 148G, 370, 1250, 250. 570, 1540, 440 1180,
370. 1160. 350, 560. 1560, 410, 1160. 370, 1040

LR R
. U

Cc-52

VAR Y ¢ . -

"SNP




Birp. ths7 5R8% HACRD ASSEMBLER  MARLYN_MONROE M/LT/ES PRGE T

Lt Bd LINE SOURCE

WSiE 21
Aol 43
FoL0 LF
WOlE 9%
o f LD
e F
Wil ol
wio 21
a5 42
924 1F
a5:% 4
Ae 1D
05:7 2k
@525 nE
LRSI |
9IZA 43
5B IF
e 4
w320 1D 137 YREP28 ] 350, 540, 1620, 410. 1100. 270, 1440, 350, 530, 1640 416, 1160,
370, 1830, 350, 520, 1660, 440, 1180, 370, 1260

Wk 2C
@52F 72
79529 21
2531 48
8522 If
2530 W
aS:4 1
2535 2B
w56 T4
w37 21
w528 4R
wais §F
@930 49
538 1D
5.0 (R
D7
Wit L
853F dr
- e |F
A1

#542 10 128 YREP2S 0e 250, 510, 1780. 410. 14@0. 370, 1850. 250. 580. 1720, 410, 1160.
370. 1140

e oM
] wodd
9us gl
1 A 43
37 LF
ir IS4R 45
43 1
A 2B
548 TR
AT
A4 4R

Wt LF

C-53

- .- e s e
e,

— e
ra. bada . )‘.;.A PN




e e —————— T ———————
.. |

GABG/ 8987 /BBE5 MALKD RSSEHELER  HARLYN_MONROE 84/17/83 PAGE 28

Lo el LN SOURCE

129 1 END
144 START “FEET TICS®
h 5% 1 14 YREP38 b8 340, 410, 1740, 420, 1080, 410, 1660, 420, 1660, 410 1740, 430,
1140, 410, 1660; 430, 1140
a3 &
@552 73
53 22
A554 49
#5595 21
85% 76
@557 22
556 4@
8559 21
a55A 79
58 23
855C 4
8530 24
455 76
a5F 23
8568 40
56t 21 142 VREP e 410, 1710. 440, 1270, 410 1660, 440, 1270, 410 1710, 460. 1830,
410, 1660. 460, 1830
o S
A3 24
#3564 57
8565 24
8566 76
9567 24
#9568 57
569 21
A5k 79
4568 6
856l 4
856b 21
} #56t 76
. @56k 26 .
{ 8578 4
; 571 4 143 YREP22 be 410, 1710, 470, 1170, 410. 1660, 470. 1170, 410, 1740, 5A0. 1320.
~ 410, 1660, 560, 1320 -
9572 79
: 8573 27 .
! 574 4F
9575 21
#5776 < -
@577 &7
@578 4F - .
9579 4
' 57k 79
578 28
WA 50 )
9570 21 .
#57E 76
957F 28 -
8588 50 ’
@581 2 144 WREP33 0B 410, 1740. S20. 1860. 410, 1660, 520. 1860, 410, 1710, 530, 1220,

3 C-54




A St e Hdn iUR0 ASSEMBLER PR L YN_ ULt Ve 1w rHE oY

LT g LINE SULRCE

410. 1660, 520, 1220
Fing o
4563 ZR
584 4R
UL
ok n
wERT
wocs de
enas 2
A58 74
953E 2B
w5 52
u3D 21
AN3E v
wS8F 2K
85% ¢
2531 21 145 VREF34 0B 410, 1710, 540. 1350, 440, 1660, 540 1350, 410, 1740. 570 1140,
410. 1660, 560, 1140
w597 79
a3 20
8594 S0
%95 21
WSun 76
w7 20
@598 S0
@593 21
A59K 79
8556 ZE
854 49
8330 21
@53 76
459 &
USHE 4%
14¢
147 . .
148 : THESE NEXT DRTR ARE FOR HORIZONTAL REPRIESE
149 § Rk * ok : *
158
151 i END
- 152 ;START "@ AND 3°
YREP3S

DB 750, 420. 1410, 420, 4120, 370. 580 350, 420. 1410, 450, 120
370,030

C-55




r - T
Uu‘

WEHE
SR
Wl

w584
nSES
Ay
a5E7

#5BH

B8
ASED
SRE
WSBF
L]
[l |
ez
oj‘_\l )
9o 4
Cal
25Ck
L
as(d
Ll
HY A
. ENEY
L s

{ gL o

'r HSE
i f

o508

AS0a
8501

: As0
504

A505

8506

507

o508

509

508

508

. s

L—“_ﬂ DA

ASEL 7

WOES €

#5BR

el

29

52
52
o
57

7
an

44
40

L

HE
24

J—
>

F
b, )
23
28
oF
N4
24
“4
5
57

st /BRRTBAER WACRD ASSEMBLER

LINE

154
193
1%

157

158
159
168
16t
162
163

HRRLYN_MONPDE M4/47/83 PRGE 74

SOURCE
- END
i START "GUNMER AIMING ERROR (MILS)™

VWEP3R (23 350, 480, 1750. 620, 1350, 370, 1870, 1250, 1160, 1460. 2450, 1220
400, 1610. 1110, 1150, 1110, 1150, 1670. 480, 1830

YREPZT o 1220, 1220, 1170, 1220, 4i0. 560. 1150, 1110- 1140. 1230, 510, 3%

JEND
LRST.OF_VREP  LABEL  WORD
(START HORJZONTAL GAE ENVELOPE

HREP DB 350, 410, 1740, 570. 1240, 430, 1540, 570. 1240, 440. 1440. 8650, 1270

C-56

Y




2Q8r./CRT/SMER MACRU RSSEMBLEF

g ol
o500 A

v30E o
aolF 6
25E0 4R
A5E1 Z6
A%E2 oF
a5EY 26
a5E4 SE
03ES 24
wSEn 54
aSET 37
d5E8 52
059 =
ASER 6C
ASEB 3D
ASEC 56
ASED 21
#SEE 7C

a5¢r D
a5F9 56
aF1 21
a5F2 7C
%3 2F
@5F4 54
@5F5 10
a5 21
a7 70
@58 2
k9
O5FA X
@FB
@5k L

[PRI SRR VCREN BN
s B R, B

N

@5F0 59

o5FE AL
A5FF 34
9688 74
wely 7

i

o7
168
169

FARL YN_MONFOE W/17/6% PRGE U

SOURCE

HREPL (B 4660, 1570, 660, 1120, 8660, 1570, 8664, 1360, 440. 1440, BET0. 1230. 420, 1540 4
750, 1260, 410

HREPZ DB 1740, 8730, 1260: 410 1740, 570. 1240, #350. 418, 1740. #E60, 1250, B660. 1570, #5
60

i END

i START TIME TICS

HREF: DB 1250, 240, 640, 1640, 660, 1230, 620. 1767, 640, 1230, 630, 1740, £60. 1230, 570. 14
80, 660, 1230, 590. 1440 660, 1230. 530

SO AL mrwewte e
- . . - e e i
o e N L T . Z ' _‘ )
a s s .  NSPSIRERNY QOSSN .. _-nei— - AR .




3080 'S8Q7 0T MACRD ASSEMBLER  MARLYN_MONRGE @4-17/89 PRGE 2 -

L Bl LINe SOURCE

oodf 2D
9610 54
911 36
612 51
B13 28
#i14 68 178 WREP4 DB 1500, 660, 1230, 510, 1540. 660, 1230, 470, 1680. 660, 1230. 45, 1540 0. 1230 4
30, 1760. 660. 1220, 640, 1640, 660
%15 35
9616 53
617 24
3618 &0
8619 16
#1R 53
8518 27
B61C 70
P10 36
%1E 53
#6LF 25
w620 74
821 35
622 52
9623 23
@624 78
8525 16
226 53
%627 34
228 74
9629 16
B62M 57 171 HWREPS DB 1270, 620, 1700, 660
' 8628 32
i ) M2 79
8620 3%
B6ZE 57 172 HREPS DR 1270, 680, 1740. 660, 1270, 570, 1480, 660, 1270, 550, 1440, 660. 1270, 52C. 156C. ¢
60, 1270, 510

BE2F 3

w9 7

@3 &
8632 57
2633 oF “

“ 634 60
8635 3%
8636 57 -
8637 20 ;
0638 64 ‘-
8639 36
63 57
2638 28 -
#3C 68

fo 8620 6 -

62E 7 ;

f : 063F 29

@40 €0 172 WREP? DB 1540. 660. 1270, 470. 1680, 660, 1270

w4l 36

#dz 57 “

43 27

. Cc-58 | (

[> £ W I~ <)

4




W8/ SBE ¢ "RA88 MACRD ASSEMBLER

L
vt

ond5

Db

And 25

e

49

BEdR S
Bodb 3
andi

ded)

w4 57

BudF
"o
L 20
(%
LNE
9no4
OS5
L0
8657
2658
vel3
e 5R
2658
Bo5C
650
aeSE
86F
a6ri
[ 131
w6
06503

B665
9666
0667
0668
8669

M’
B66E
B66F
2670
8671
whie
8572
@074
867
676
77

N TPy

3
10
2
74
ZE
4%
{F
i)
e
E
76
Pi3
qC
\F
49
10
a0
B
2t
4C
1F
40
10

2
7A
2k
4C
1F
49
it

L CH

7t
E
4C
1F
32
10
2R
(2
2
4
1F

04/17/8%  PAGE

MARLYN_MONRDE

-ENC SOMEWHERE NERR HERE

430. 1640. 660, 1270. 430, 1760. 660. 1270, 250, 570, 1640, 560, 1140, 770 1248

|

350, 560 1660, 560, 1140, 370. 1110, 350. 550, 1760, 560. 1140, 370, 1130

-
-

350, 540, 1720, 560, 1140, 370, 1850 350; 520, 17€0. 560, 1140, 370, 1270, 25C. 520

<1480, 350, 1140

370, 1850, 250, 510 1420, 560, 1140. 370, 1630. 250 €10, 1770, 560. 1220. A3, 144




8636/6087/9888 MACRO ASSEMBLER

Loc 0BJ

8673 45
8673 10
867R 29
8678 62
@67C 2E
8670 4(
967E 1F
867F 43
Ac88 1D
@631 31
8682 7F
8683 2t
8684 52
8685 33
8686 64
8687 2X
8688 52
8689 32
28R 76
8688 <t
8680 S8
2680 10
9688 32
Bc8F 76
8690 2t
8691 4C
8692 33
9693 64
@634 2
AEIT 52
869 10

pe9? 24
éae 75
9659 JF
BEA 54
8698 1F
#69C 28
8650 4C
B69E 45
869F 46
8600 54
AeRL 29
86Rz 10
86R% 24
86R4 76
96H5 39
96R6 59
86A7 1F
96R8 28
86R9 52
B6AR 49
96R8 47
26AC 43

LINE

189

181

182

MARL YN_MONROE 84/17/09 PAGE 34

SOURCE

0, 560, 1220

HREP12 DR 620, 1660, 3611 1300, 330, £20, 1660, 560 1140, 630, 1440, 560, 1220

HREP1Z DB 350. 440, 1660, 570, 1240; 370, 500, 1140, 1650, 1860, 1240, 510, 350: 440, 1660, 71
0,1310

HREP14 0B 370. 500, 1220: 1110, 1670, 1100, 1240, $10

C-60




— R ——

Bon SoEccese MLKG AbseRELER

[

BoAD
AerE

AohF

aeBe
éo61
dob2
6B
a6B4
8685
866
0o
9oB8
#6R3
fBeBA
A6B8
96BC
P6BD
Q6BE
ERF
w6l

B6i1
6C2
2603
9604
6C5

067
e6Ce
weLs
86CAH
(B
060
860D
HCE
weCF
DA

8601
8602
9603
A6l
A605
orlf
w07
0608
8609
A6DA
WDE
LA
@600
ARDE

063

54

&9

10

M1
7a
F
1
R
F
54
2
79
30
43
21
7%
30
43
21
7a
K
sz
2

I

I

N4
21
79
3
41
2
7%
K3
41
24

79
ki
%9
2
78
K
59
21
79
Bt
S
él

31

LINE

183
184
185

186

187

S e R i et T . ———

KL YN _MoekUE 2 T0 WO C I o b A

SOURCE

END

i START MIL TICS

HREP1S DR 240, 410, 1710, 570, 1240. 410, 1660, 570, 1240, 410. 1710, £00. 1830. 410, 16501 £8
0, 16820

HREP1l6 DB 410, 1710, /80, 1220, 410, 1660, £A0. 1220. 410. 1740, €10, 1010, 440, 1660, 610, 18
10

HREP17 DB 410, 1740, 610, 1280, 410, 1660, 610, 1280, 410, 1740, 610 1370. 410, 1660, €10 13




3656/8087 /3086 MACRD ASSEMBLER

Lo 08!

@o0F SF
WoEd 21

el 79
@2 32
AeET 4E
aEd
86ES 76
B6E6 32
BEE7 4E
86ES 21
B6ES T4
B6ER 32
@6EB S0
AeEC 24
B6ED 75
AeEE 22
@€CEF 30
wFa 21

BEFL 79
B6F2 32
#oF3 4C
a5k 21
B6FS 76
#F6 33
86F7 4C
86Fs 21
B6F9 73
86FR 33
86FE 5B
86FC 21
85FD 76
B6FE 33
o6FF 58
87 21

8781 79
8782 24
8703 4a
@764 21
8085 76
8796 34
8787 4A
6768 21
8709 73
870R 14
8788 59
eraC 21
87en 76
87% 34
870F 59
A718 21

711 79

LINE

189

190

191

MARLYN_MONROE

SOURCE

HREP1B 0B
X

AREP19 DR
30

HREP28 DR
10

HREPZ21 0B

S

B4/17/65 PHGE 26

410. 1710, 620, 1160, 410, 1660, 620, 1160, 410. 1710, £20. 1350, 410. 1660, 620 12

410, 1710, 630, 1140. 410. 1860, 630, 1140, 410. 1740, €30, 1330, 440, 1660, 630, 13

410, 1710, 640, 1120, 410. {560 540, 1120, 410, 1710, 640, 1210, 410. 1660 £40. 43

410, 1710, 650, 1100, 410. 1660, 650. 1180, 410. 1710, 630. 1270, 410, 1660, 650. 12
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)

=asn/RBRT /REg MRCFD RSSENRLER  MARLYN_MONROE #4/17/69 PRGE %7

LW OB LINE SIURCE

8712 35
8712 4
6714 24
3715 78
Atk 35
w17 48
AT18 21
eri9 79
871A 35
0718 57
a71c 21
9710 76
871k 35
o71F 57
9’29 21 19z :gEPZQ DB 410, 1710, 660, 1660, 440 1660, 660, 1650, 410, 1710, €00, 12950, 440, 1660, €70, 42
n721 79
9722 26
w723 46
wze A
3725 b
Bree 36
#7z7 46
8728 21
8729 79
8728 26
@728 55
972C 21
72D 76
872k 36
B97F 55
@738 21 19: SSEPQB [ 410, 1740, 670, 1040, 410, 1650, €70, 1840, 410, 1710, 670. 1220, 410, 1660, F70, 12
8731 79
8732 37
n733 44
9734 21
9735 76
wiie IV
0737 44
A738 A
4779 79
AR LT
A73B 9%
woTeo 2
1V opin
WIE LY
nok s
can 194 2:5924 DB 410,710, 780, 1820, 410, 1660, 780. 1820. 410, 1740. 780. 12111, 410. 1660. 700. 12
nid) 78
0’42 38
074 42
0744 21
9745 76
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Q0GESBB7 -/ 7AGS WALRD ASSEMELER  MARLYN_MONRTE M/17/85 PAGE 78

(RUC-A LINE SOURCE

874r 51
w58 24 185 HREP2S 18 410.1710, 740. 1880. 410, 1660, 7L0. 1960, 420. 1710, 710. 3170, 410, 1660. 7401 11
70

=
A
&%

Ba7eh 21 196 HREP26 DB 410, 1710, 740, 1360: 410, 1660, 740. 1360, 410, 1710. 720. 1150. 412 16€0. 720, 11
50

v768 21

ke 74

@R ik .
a7et 40

8760 A ™
CRS U

CIL Nt

@7¢F 40

or7e 28 197 HREP27 0B 410, 1710, 720. 1340, 410. 1660, 720. 1340, 410, 1740, 730, 1130, 410. 1660, 730, 13

CIe W
377 3A
@73 5
9774 24
475 76
776 3f
n'7? .
wig 4
w779 79

C-64 {

ks o e B B mj- N




r———— ,

AW HRE7 /80 MACKD RSSEMBLEF  MARLYN_MONROE 34/17/89 PRGE 29

L ol LINE SQURCE

C IS I

78 4t

At 21

a7l %

a0 E 3k

v//F 4B

78O 21 198 HREP28 (E 410. 4710, 730, 1320 410. 1660, 730, 1320, 410. 1710, 748. 1140, 410, 1560, 740. 11

10

a’s1 79

ars? 3B

ER ]

a784 2t

9733 76

nwigr B

9787 SH

0788 1

789 79

78R i

878 49

878 21

88D v

w7t 2

a78F 49

798 21 159 HREP2S DR 410, 1710, 740, 1380. 410. 1660, 740, 1290. 410, 1740. 750 1870, 417. 1660, 750. 14

70

a9l 7y
8792 ..
979 SR8
8794 21
0795 76
@79 3C
8797 58
a7se 21
@A7%99 79
AT9R 3D
W9 47
W 21
a7ah 76
97% O
979 47
o7re 21 200 HREP3G DB 410, 1710, 750, 1260, 411 1660, 750, 1260
0781 79
9782 3D
W7A3 56
w7Rd 21
aHS 76
@7r6 30
A7R7 56

01 END MIL TICS

202
202 ;START "GUNNER AIMING ERROR (MILS)"
A7RE 10 204 HREP34 ) 350. 480, 1760, €80, 1220, 370, 1670, 1250, 1160, 1160, 1850. 1220.
490, 1810, 1110, 1150, 1110, 1160, 1670, 400, 1050
a7Hs 20
#7RA 7E

C-65
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8686/8087/3888 MACRO RSSEMBLER

LOC 08J LINE

07RE 36
a7RC 52
a7RD AF
87hE 47
O7RF 55
9780 4E
@781 4E
8782 45
a783 52
8784 20
8785 41
8786 49
8787 40
8788 49
8789 4
@7BA 47
A7B8 28
978C 45
878D 52 205
87BE 52
B7BF 4F
8708 32
87C1 20
87c2 28
87C3 4D
#7C4 49
8rCs 4C
87c6 2
arc? 29
e7cs 10

FEIR

9709 1C

@7CA 21
a7cB 79
#7CC <2
a7Ch 48
o7CE 2
@7CF 76
@78 22
o701 46
872 21
8703 79
8704 23
8705 4C
6706 21
8707 76
8708 23
8709 4C
870R 21 210

@708 79
e70C 24

MARL YN_MONROE

SOURCE

HREP32 0]

i END

i START "FEET TICS"
HREP33 0B

HREP34 b8

84/17/89 PRAGE 40

1220, 1220, 1170, 1220, 480, 580, 1150, 1110, 1140. 1230, 510, 350

340, 410, 1710. 420. 1880 410. 1660, 420, 1880, 410, 1740, 430,
1140, 410, 1660, 430, 1140

410, 1710, 440, 1270, 410. 1660. 440, 1270, 410, 1740, 460, 1930,
410, 1660, 460, 1030

C-66




RB5n, =z, RABE MALRD RSSEMBLER MERL YN_MONROE /1PN foue N

L Gfld LINE SOURCE

Az0D &7
#70E 21

WF 7o

WD 24

O7EL 57

o7E2 21

WIER 79

WS E

ATES 43 ;
ATE6 24

WIE? 76

O7ES 2¢

7ES 43

A7ER 21 A1 HREP3S B 410.1710, 470, 1170, 410, 16€0. 470, 1170, 410, 1710. 580. 1320.

410: 1660- 580, 1320

WIEB 79

97EC 27

87ED ¢F

B7EE 21

97EF 76

87F8 27

O7F1 4F

a7F2 A

B7F3 79

B7F4 28 |
B7FS A ;
o7F6 21

87F? 76

87F8 28

#7F9 A

o7FR 21 A2 HREPI6 DB 440, 1710, 520, 1860, 410, 1660, 520. 1660, 410. 1710, 520, 1220,

410. 1660, 530, 1220

o7FB 79
@7FL o
@7FD 46
87FE 21
@7FF 76
8800 A
4801 46
886z 21
8803 79
Ag04 28
8885 52
9306 21
8397 76
orot 28
8589 52
280h 21 213 HREP3? DB 410, 1710, 540 1350, 410, 1660, 540. 1350
880k 79
880( 2¢
6380 50
880E 21
asef 76
8810 2C
0811 0
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o

SR86/ %7 /RORE MACRO ASSEMBLER

L DB}

@512 1D

vt13 21
4814 7
215 20
16 50
8517 21
agla
4819 o2
A51A 49
0818 10
eeLr 21
10 7C
81E 7
@stF 4F
2820 6
a2 oF
8822 27
0R23 4F

9824 1D

8825 34
8626 6R
8827 26
8828 57
ar23 IF
082R 54
8828 1(
gl 32
882D of
#82E 26
9a2F 57
838 1F
8831 41
8832 10
@3z2 22
A234 79
#5835 20
8336 57
8837 1F
@838 52
ag3% {0

A83A 31
8838 7%
a3 26
8820 57
A93E IF
43 47

LINE

214
215
216
47
218

219
220
221

T — e ——
MARLYN_MONROE 84/17/09 PRAGE 42

SOURCE
END
;i START LEFT ENVELOPE

HRESS o 350, 410, 1740, 540, 1350, 410, 1740, 420, 1000, 350. 414, 1740,
470, 1170, €60, 1570, 470, 1170

L END

; START "TARGET LINE"

HREP2¢ ] 350, 640, 1520; 460. 1279, 370, 1240, 250, 630, 1540, 460, 1270
370, 1810, 350, 620, 1680 460, 1270, 270, 1220

HREP39 ] 350, 610, 1680. 460. 1270. 370. 1870, 230, £80. 1620. 460. 1270.

370, 1650, 350, 570, 1640, 460. 1270, 370, 1240
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“A%6/0857/8056 MACRD ASSEMBLER  MARLYN_MONROE 4/17/89 PREE 42

T X LINE SQURCE

4o 10
R4y Ta
w4 72
B84 26
344 57
uSds IF
B84r. 45
3847 10
andg oF
uE49 74
a84a 2r
wE4e 57
884C 1F
84D 54
884E 10 223 HREP49 e 250, £20. 1540, 470, 1320. 270, 1140, 350, 620, 1620, 470, 1220. 270
- 1140, 330, 610, 1600, 470, 1320, 370, 1160
P84F 32
6850 ol
R351 27
#2852 9
2853 1F
4854 4C
wiss 10
She 32
8357 70
R 27
2253 SA
3 - weoH 1F
. HOSR 49
Ll L0
+nD 21
.173E :’0
HaeE 7
, AR SH
‘ A Uf
; : R
! R 224 HREP41 be 350, 680, 1620. 470. 1320, 270, 1850
; M Wond 30
88:5 72
8866 &7
B267 SA
hong 1F
B8n+ 45

225 END

226 P START “¢FEET»"

227
a36R 10 228 HREP42 0B 350. 400 17€0, 460, 1150. 270, 500. 1860, 1850, 1050. 1240, 510
8568 20

885D 26
885k 4D
a6 LF )
8879 28
8371 46
8872 45

f-
AR N
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W36, 200, AAES MACRD ASSEMBLER  MARLYN_MONROE 8471789 PRGE 44
L B LINE SOURCE
w73 49
2574 <4
akS 79
229 END
230 ;START *(LEFT). (RIGHTY"
@576 10 231 HREP4: 08 350, 440, 1660, 420, 1080, 370, 580. 1140, 1850, 1850, 1247. 54
350, 440, 166G 520 10860, 370, 580, 1220. 1110
#3577 24
878 76
¥879 22
)
; #R78 1F
Ae7C 28
887D 4C
@G7E 45
987F 46
8880 54
8681 29
2832 10
#gg? 24
#3984 76
#8685 2R
2386 46
a3e7 1F
waRa 2%
f ARAS 52
088R 49
2605 47 232 HPEP44 DB 1670, 1100, 1240, 510. 350
1 #E5C 48
38D 54
GoEE 29
#28F 1D
33
8890 234 LAST_OF_HREP  LABEL  WORD
238
236
¥399 £38600 237 GRAPHL. CALL CLEAR_SCREEN
238
- 2893 BEA00D R 239 GRAPH: MOV SI.UFFSET PICPOINTS .
4296 §93703 248 MOV CX, (OFFSET LRST-OFFSET PICPUINTS)
2899 BRDG9S 41 MOV DX, B08H ~
1 #89C 2E6RO4 242 RAGRIN: My ALCS:ISD)
089F £86408 242 CALL  couT -
3 06R2 46 244 IN Sl -
#9A3 EB5RAA 245 CALL  DELAY.2
' 83R6 E2F4 246 LOOP  AGRIN
#8AR (2 247 REY
o 248
WA E26000 249  GRAPH.VREP: CRLL  CLEAR_SCREEN
yAC BES783 R 250 MOV S1,OFFSET YREP{
s 899992 1 MOV CX (OFFSET LAST_OF_VREP-OFFSET VREP1)
W62 BRDOD 252 MV DX epeH
i REES 2F 5P 252 AGN_N_AGN Moy ALCSI(ST)
ARE5 £94600 254 CAL  couT
4 #4BE 46 255 IN Sl
+
. c-70

el D i e PFPUTOR VDN FIue




M

2acc. Us. 0038 MACRD ASSEMBLEF 1AL YN_MONROE p417/09 PRGE 4T

L el LINE SOURCE
WRBC EATLon 296 CALL  DELAY.Z
a o E2Fd 257 LOOP  AGN_M_RGN
Qe l 0T 258 REY

259
98( 2 £a5408 269 GRAPH_HPEP - CRL  CLERP_SCREEN
885 BEDHES P 261 Moy §1, OFFSET WREP
38CE paCan2 282 v X, COFFSET LAST_OF_WREP-OFFSET HREF?
o&(R BADRGe 262 MOV DX, 8D8H
9RCE 2E3RR% 264 AGN2_N_AGN Hov AL, C5:[51)
T YL 265 CRLL  couT
3604 45 266 ING 3
a8D5 E55800 267 CALL  DELAY.Z2
8808 EZF4 268 LOOP  RGNZ_N_AGN
98DA (3 269 RET

270

27

272
REUE BRIVBB 273 USART_SET_UP_FOR_ADM: MOV {%, TIHER.CNTRL
AXDE Roke 274 MOY AL, CNTRZ_MODE
AREw EE 279 ouT DY, AL
Dt BRDIBRA 276 MoV D, TIMER_CNTRL2
BE4 804 277 MOV AL, LOW_ADM
#3E6 £B41M 278 CALL  DELRY
P8E9 tE 279 ouT DX, AL
B8ER BOB6 260 MoV AL, HIGH_RDM
PGEC £82808 281 CALL  DELAY
PBEF EE 282 ot by, AL
#8F8 BADACG 283 MoV DX, USART_CNTRL
POF3 8048 284 MoV AL, USART_RESET
PBFS £83200 285 CALL  DELRY
@BFS EE 286 T D, AL
PeF9 pRat 287 Moy AL LICART _MODE
@OFB EBS2CHM 288 o N V3
BRFE EE 289 T 0¥, AL
@8FF BOLT 299 Maov AL, USART _CHMNC:
9991 Efzoum 29N CALL  OELRY
w94 EE 292 ouT DX, AL
awas (2 293 RET

294
Vg S0 295 COuT . PUSH  AX
997 EAUE 2% QVERL IN AL, USART_STATIS
nGA9 2401 27 AN i
299 74FA 292 §Z QvERL
Rl 55 294 FOF fAX
nwE g 9 T X, AL
awE kJ RET

20z
P9in 40t W0 CIN N AL, USRART..STATLS
0912 24R¢ M4 AND L W
A914 T4FA 285 2 CIN
w1e B4V 306 IN AL, 90CH
Waig L 397 FET

388
8919 BRUIW g9 CLEAR _SCREEN WOy DX. BDRH ; THIS PROCEDURE CLEARS THE
P94C BAD 10 Hov AL,3S0  ;RDM-3 SCREEN

c-71
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r

KBGe. Uy, CBERS MACRO RSSEMBLER

L 0BJ LINE
e b EBESFF 311
v921 BA19 312
0927 FOEGFF U3
PN ST 4

315
8929 £3 36

ksl
#9528 RIE30E 318
¥92L E2FE 319
092F 2 328

2
AYIB BB70 322
wals 48 22
w934 3Dopes 324
9937 7HA 325
8939 (3 326

327
B9TR BBNA(3 328
@3D 48 329
#97E 30000 330
n941 TSFA 33
994> BS50C3 32
8940 48 333
¥947 3D0E00 334
894R 7SFA 335
894C C3 336

337
---= 338

339

340

HSEMBLY COMPLETE, NO ERRORS FOUND

HARLYN_MONFOE

SQURCE

DELRY"
TAG:

DELAY_2
AGRIN_AND_AGAIN

DELAY.3:
OVER_AND_OVER:

ONE_MORE_TIME

CALL

CALL
CALL

RET
MoY
LOOP
RET
DEC

N

DEC

MOV
DEC

S ]

#4/17/89 PRGE 4%

LouT

AL, 210

oot

DELAY. . THE CLEPR SCREEN MODE TRKES
;160MC TO COMPLETE.

C¥. 2
THG

AX: DELAY VAL

fX

m.‘ a
AGATN_AND_AGAIN

fiX. SeaaeD

fx

fix. 8
QVER_AND.OVER
fiX, SeaaeD

A

fiX. 8
(ONE_MORE_TIME

c-72




APPENDIX D

COMPUTER GENERATED SOUND SYSTEMS PROGRAMS

D-1
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[ namiddh i ._» b




HSM42 SOUNDS SRC

IS1%- 11 MC=-43/UPT-41 MACRD ASSEMBLER. Y2 0 PRGE 1

e OB} SER SOURCE STATEMENT
1. 1 SEPTEMBER 1981
2
; : THIS PROGRAM WRITTEN IN INTEL 8748 ASSEMBLY LANGUAGE IS THE SOURLCE
S, FOR SOUNDS PRODUCED DURING A SIMULATED DRAGON FIRING AND RESIDES IN EPROM
6 ; OF THE SOUND SYSTEM MICROCOMPUTER (SSM). THESE SOUNDS ARE:
7
8 : 1 GYRC WIND ¥
9. 2. LAUNCH EXPLOSION
10 ; 3. THRUSTER FIRINGS
1 ; 4 IMPACT EXPLOSIONS
12 A TRARGET HIT
13 ; B. TRRGET MISSED
14
15
16 THE DFS PROCESSOR SENDS R FOUR BIT WORD WHICH IS DECODED BY THE

17 ; SSM INTO ONE OF THE ABOVE SOUNDS  THE SSM IN TURN PASSES DRTH BYTES T0
18 ; A GENERAL INSTRUMENTS Rv-3-891@ PROGRAMMABLE SOUND GENERATOR (PSG). THE
19 ; PSG INTERPRETS 14 DATA BYTES STORED IN THE LOWER 14 LOCATIONS OF AN ON
7% i CHIP 16 BYTF REGISTER ARRAY AS A SOUND. THEREBY GENERRTING fiN ANARLOG

21 ; SIGNAL
2
23; *
24
b INITIALIZATION ROUNTINE
2%
) 27 RG @
260 8489 2 M ANIT
2
P83 28 RG 2
0663 w1 k| J®  DECODE
2
007 n RG 7
0087 1506 4 JF TIMER
35
] 36 ORG  H
99 4D 37 ANIT: I CRKAP
w0 65 38 INIT:  STOP  TONT
* o, o7 9 (LR
o WA 62 48 MV TR ; INITIALIZE TIMER AND ENRBLE INTERRUPT
W0E 25 41 EN TONTI
. 42
W v 43 EN 1 .ENABLE INTERRUPT
i ) W19 75 44 ENTO  OLK ;ENRBLE CLOCY ON TR
j; W11 23FF 45 WOV A MFFH
: 9913 39 4 WL PLA i INITIALIZE PORTS 1 & 2
14 3 Y4 WL P2A
F ' i 48
1 - a1 B 49 1N INITIALIZE PORTS 4 & S
' 017 3 50 VD  P4.A
, 1 9918 27 St UR R D]
} L, e 52 VD  PS.A

PORPIRY S ——




Mot -M«_qu
D[] WSS UPT-41 MACRD ASSENBLER. V2 @ PRGE 2
Wl SEQ SOURCE STATEMENT
53
WLR SHEF 54 RESPG AML  PL.#R6FH L RESET PSG'S
aers 5990 5 ORL F1. 49504
56
E WALE 4HBF SRFLIPT  ANL P2, $9BFH i SET FLIP/FLOPS
* AT AR 59 ORL P2, #a4EH
il
61
B i s ok b ORI L
61
o4 . LOOP RIUTINE 1 E WAIT FOR INTERRUPT
65
Wl A5 Fh LR FQ
Wwigs 27 e CLR A
s BIIE &8 Y PL, #03EH
gs 88%F Y MY P keFH
M3 ) WY @RA.R
Wy i 7 DEC A
wZh ¥g 72 MoV 8ve. A
Wi o e DEC  Re
L 74 MOV 2R9, l
wih AL ] WY RLA i
angE 19 75 INC 51 !
WaZF fy w MY B3R i
WiTh R 7 My  FA
Wa_L 74 WY PR
; e W 9 WY PSR
WS A1 SEL RBY
3334 Fy MOV @, A
w559 RS 53 WY  RLAR
YWIsE R o4 MM RLA
Wil Ak 5 MOV R3.H
) TR A e MY R4.F
* s a7 MY  RS.A
! Min AE 86 Moy R6, A
i 3038 AF 49 WY k7R
N 83 Y 9 SEL  Red
;, 91
: Al B 97 DRANG MOV . $82FH
; Wi A 37 MY R, 8RE
Pndh gD a4 74 DRANG
i 2, 5 ik A
LA S, B Moy ®R9, A
widd 548 97 CALL  DRRGON ¥
[ "8 ’
s, BRIF 9 INFIN MOV RO. BO2FH
s Pl 1% MY R eRE
Wd s 191 17 INFIN
182
ek 1434 193 CALL  CHECK
154
wad) BRZG 185 MoV RO, 8a20M
. gdF F 106 MO A, 8R9 D2
‘ WA 107 MV F4.R R GETS TIME




[S1S-{] W C-4R UFI-41 MACF RGSEMBLER, ¥Z @ PRE 2
R 3 SER STWPCE STHTEMENT
WS S4ES 182 (ALL  FOFDF
W OnTE 19 1z SINFIN
114
WES il MYy R7.R iR7 GETS COUNT
wWe B921 112 WY RL.#821H
a5 Fi 1L WV AeRL
i WIS P 114 MV R2.A
WASH (464 15 CRLL  OELAY
L AR 115 MV R2A
] W50 1484 1317 CALL  DELRY
GEEF E820 11¢ MOV RO, #020H
avwil B9ZL 119 WY RL. #821H
126
Wil FL 11 UNFING MOV A.BRL
Wied 28 122 SCH RORA
waeS £F 2 123 DINZ K7, ANFIN
w7 Bo46 124 JF8  INFIN
WS 5 125 SEL  RBL
auel 27 L R A
wieh Ho 17 MV FO.A
] 128 MV R3.A
wael (5 129 SEL kP8
e ) 179 oLk Fa
WEF 35 131 (PL  F@
AT Gl 3¢ W INFIN
3 132
. . w2 18 134 AFING ING P8
[ 27, 19 135 N F
WAT4 9453 136 M UWFIN
137
wiTh BRZE 132 SINFIN' WOY P9, #B2EH .LOCATION OF RBARZ PPEVIOUS
g FR 139 n¥ R ARG
2979 67E 149 2 SAFON
#9378 AR 141 MOV P2.R
Wi LIEF 142 CALL  DALAY
WAE RR2D 147 SAFON  MOY RO #A2DH .LOCATION OF RBAR® PREVIOUS
- wada £ 144 MV A.GRO
Q81+ 557 145 1z SAVOB
- P55 BHFF 145 MOV R2 MBFFH
1 , 0685 148F 147 CALL  DALAY
wAeT 05 148 SAYOB  SEL  RBi
? Wi FB 149 MOV AP
w5 150 SEL  PBO
Whar ERZE 154 MOV RR #O2EH
el W 152 WV ®RaA
. sl Y 153 SEL pB1
{ it FR 154 MOV A. 78
S 155 SEL  PBR
ot (8 15 0EC k@
W) P 157 Moy APRLA
’; ‘ w2 ddE 15¢ M ININ
t 154
! e 7 ing CHECH UEC A
) . Mras WFn 1Al N CHAK
‘ : faeT B 152 MY RO, ROIEH D-3
b
Y
L—‘M—aﬂd—l— N e a i s '\ —




cas- T HOS-dE P-4 WACPD ASSEMBLER.

LUK

WIS
wWIH
w190
B C
wsE

+HRG

WAL
RZ
W
YRR
won
AR

wwink
ARG
WoHF
981
gbe
we3

: Wb
i a6

BBES
#eBC
MBE
PEF

) na(l
0% S

68y
faC7
9aCe

T T T TR T T TR r——y T e ——

w9

i
K

F ti‘
IR

&

12
Fa
AR
4l
14AF
4477

L4HF
4447

BS29
Fe

b8
BSFF
£8e3

08BA E3B6

ErE4

%

Bale
Earl
EAEF

80r3 33

bs
0
17

it

2 FRGE 4

SEQ SUURCE STHTEMENT

182 MOV R. BRA

154 N2 [EXG

1S INC ]

166 v f. GRO

1e7 INZ HExD

188 CHRK - RETR

169

17@ DEXQ INC RA

171 Moy A, ARy

172 iz DEXARA

17 ne CAKAP

174 DEXRH- CALL  GETTA

17% e DUDEX

17n

177 HEXD CALL GETTA

178 P HITEX

e

188 GETTA-  MOY P9, #azaR

181 MOV A, eRY

182 MOY P4, 9

18% PETR

184

185

18¢€ A kKK AR *
187

138 . CELAY  SUBROUTINES

189

194

191 DELAY: MOV R1. #8 JOELAY = P2 K @t SEC
192 LOOPL MOV 0, $oFFH

193 LOOPZ- DINZ  RB.LOOPZ

194 DINZ  RL,LOOPY

195 DINZ  R2, DELAY

19 RETR

197

198 DALRY: MOV R, #ALSH DALAY = R2 X 0881 SEC
199 OLY DINZ  FB.DLY

208 DINZ  R2.DALAY

201 RETR

202

20z

234 + ERAIOR R &

205

206 - TIMER INTERPUPT SERYICE ROUTIME

27

298 . THE TIMER INCREMENTS EVERY 8BUSEC (T
209 , R4 INCREMENTS EVERY 20MSEC

218 . RS INCREMENTS EVERY 5. 24 SEC

211

212

21 TIMER  SEL Pel

214 v KS. A

215 INC R4

216 D-3
217 INC e

o - et




L 2ol

R S

St el SRl ACSSEMECER.

.’
. -
Yoy

Y

Loy
AR
A ¥

= -

» v
Ry
S
BRun

W r
e

Mrw o rrr
Pl&f

! N

TIPS
WAL e
e -t

e

LR RS S RN AT SR Y P R R T

bl -
RN

256
o)

UECO0E

{niPER]

HITEL

ROPTA

MY
N2
INC
M

FETL

Ty s,

a

S WCE STATERENT

£ 2 X

TaTERNAL INTERRUFT SERVICE ROWTINE

WORD FROM OFS PROCESSOR  FLIP/FLOFYS

SEL
M
N

AN

el
"k

UEC
e
BEL
I
Gec
bl
17

RIS

InF

M
R
M
MF
Tmp

F1. #43EH
(iJDE

A

DHDEXL

A

LDEXL

A

HITEL

A

P

FuUk®

. Ry
WREAD
R BRd
HITE
POFG

968

o181

ei1

1ea

el

. STOR TIMER

. STOF TIMEP

256 DRAGD  MOY #{, $A2FH PSG#L
. 259 INC w1
IR 264 by FUPPET
R 2ol ingE iNC 55}
SRR 26¢ N ¥
wo X N R
AL r e >4 L V1. $82FH
I S 1 g
w- e s iMp FUFF PSG#2
wind [ T UEED INC #F 1
Ao e e OF0 Foinke
vl Tr HITE INC ¥l
vy o INT TN S
s LRGED MW R KA
N ey
A T ' ‘

AR AR MR O AN

DECOUE LUWER 3 EITS OF 4 €17
LATCH WORD ONTO PORT 4

INTI BANG

GGND DUD

GND EXPLO

MISS EXPLE

KIT EXPLY

PUCE. FOF

T




Palom1i MOS~43/1F [-41 Mru PO HSSEMBLER. Y2 @ PAGE 6
v gl RER SOURCE STATEMENT
273
Auan £l i v H. 4P
@ie? fn 273 MoV k2 f R2 GETS COUNT
dleR £929 27e My . k626 +RL GETS ADDRESS
e i &7 Moy A:R4 iACC GETS TIME
a8
91 EaLl 279 PUSS:  DINZ F2POSS
w1aF Rl 280 MOV 1A
ISCIPEIN] 281 e PRSE
282
oiil 1 283 POSS: IN Pl
al1s 2eAb 284 by g PUSS
285
»il Blag 256 PRSS. MOW R4. %0
SIS 287 PUPF- MOV RES
wilg 5 288 SEL kba
M1y 2 289 RETF
o
BLin Gelt 291 FUPPET  INI POKEF,
il lél 232 e PPP
il aR 293 POKEF MOV . #8
wigw {7 294 Hay PSW. R
alel D 295 pic I
vloe Brod 29 MY R2. si0e0:
Bl:4 14B4 297 CALL DELAY
AL 2r. A 298 [ o INIT
299
300
I PY T TN x %
92
39T . SUBROUTINE TO CHECK TIMER AND GIVE ASSOCIATED DELAY AND AMPLITUDE
34 . DECRY
385
A 386 TSTR4S SEL Rea
w129 Bean 387 MoV Fi 49
aleb EEOF 388 MO¥ F6, $0FH
. 12D EF e 309 MY R7.M
alF s 316 SEL PEL i CUMALRTIVE DELRY SO FAR
- #l38 FB M Moy R e
4 ol (5 312 SEL 8@
wixd 0B37 33 2 TARC
3 9134 AR 314 MOV R2. A
a1=S 1d6F 315 CALL  DALAY
) SR G 316 TARC:  SEL k1
IR FA 317 M A.P9
.. w39 (S 318 SEL  Re®
AL3A Cedl 319 1 TESTR4
MO0 BRFF 320 MoV P2, WOFFH
a3k 14EF 3¢t CALL  DALAY :
Mdn Jda 12 v TESTR4
i KYA IF #5 = 4 THEN FLIGHT TIME = 5 2435EC
: 324 . AT LEAST THEN DELRY = 1 352SEC
f 15
: . . W . 1F RS = 2 THEN FLIGHT TIME = 1@ 4865EC D-5
7 AT LEAST. THEN DELRY = 2 7Q4SEC

KPS | raan




SCER
(AN rr
Apde
Vi mo
widr AL
nid, o
Hiah
R Lat

s 4

BN v E
(259 ot
I S
\ W
oy
Vo Py
Mt er
F LT AL
3 . Ao At

LR Yy
nleR 1eEr
vpmE o ted
vren 4%

aird pMZ)

A wdied
1 ERNG
Mloo i4BF
4 Fe

v Wil

wlem el
s

cyam B

¥

Dok

I

S -a ] MACRD ATIEMBLER. e

v o0

TOiRCE STRTEMENT

TR
H(_]\.J
StL
AL
MOV
INC
N
SEL
RETF

TESTR4  SEL

Jen
PS

SR
RS
3 12
g It
¢ Ipa

£33

67
12
185
4
J8:
B
(38
T
it

X
AL
SV
VHLL
Moy
P

gile MY

R
e
CALL
ity
AL
vy
MOy
e

BiTS MW

THLL
bl
Him
MO
Wiy
P

A
e
MO

AR
#BL
m R
R3-A
TARE

Al
[aal
=

3]
A, R4
BIT?
giTe
BITS
BiT4
E1T3
Bi12
BITL
EITa
TRRAF

P W
DELAY
e
DRLAY
73, #eEl
b2

Fe. k20

ELRY
R ¥
DALRY
HR3
. #340
R3.R
A, R4
IFS

2. WS

LALAY
4.
N TR
F3.h
A R4
P4

P2, #E4l
DRLAY

R

~3

PRGE

PEARS VEEPS [NCREMENTAL LELAY

JRBART NOLDS (URMHLATIVE DELAY

FOR BIT 2 TRAWEL = 2 £215EC
. THEREFIRE DELAY = &7BSED

FOP BIT ¢ TFRVEL = 1 3115E(

THMEREFORE [ELAY = 738SEC

FiR BT & TRAVEL = €RSSEC

THEPEFIPE [ELAY = 4nskl

CTRAVEL = ZISSEC DELAY = BS4skC

-
-
-




T19-11 HOS-45/F1-41 MACPD RSSEMBLER, VZ @ FRGE R
v gt 0 SOURCE STRTEMENT
Wirk alys E RDL: A. %30
BLD M 4 MY R3A
wLeE FU 85 MY AP
ALEE G456 3% mw o
87
WAL Bk 356 BITS. MOV P24 TRAVEL = 154GEC DELRY = B42GEC
97 14eF 380 CALL  DRLAY
w195 F6 3% MV AP
Al w2 391 D AM
WisE HE 192 MY RLA
wyE E a3 WM A.R4
AR 245 94 MNP Ir2
)
Wl feld W% BT e Rz kD JTRAVEL = ®S2SEC DELRY = @21SEC
TE WL 397 CRLL  DRLAY
; ALAB 1F. a9 N R
- HAL 16 299 N e
AA2 499 Ay AR
WLAT 245 4t w1
4R _.
WLRS B 493 BITL MOV Pz WD JTRRVEL = @d1SET DELRY =  BL1SEC ;
WIRT (4EF 484 CALL DRLAY :
A BAS LG 485 o
f ALAH F 4n%, MY RRe
LB 245 4a7 e IPE
a8
1 . WIAD EAS 4 BITG MOV PZ. 4D ,TRAMEL = @20SEC CELAY = @@SSEC
- ALFE Le6F ) CALL DALY
NEL 1E a1 (A X
#2
413
; a4 AMFLITUDE DECAY [S DEPENDENT ON THE TOTAL TIME STORED
' 415 . IN REGISTERS REARE (28 MSEC PER BIT: AND FRIPT.
, 415
f 417
ALke U8 418 TARAP- SEL  RBt
J . MEI FF 49 WV ORR7
9184 (5 42 SEL  RBE
f. 5185 600 421 32 TRAP
5 WiET &7 a2 DEC R
‘ A1B8% COBE 423 i JRIP
BIER BEM 424 NN RE.H2 . TRAVEL=18 486 SEC
sAEL 2442 425 TR
B16E BEGE 426 TRIP. MWV 6. #8
A109 05 47 TR SEL RBL
N ALl Fe 428 Wr AR
aiz 05 429 SEL KEe
AL T FOF 438 J87  BAT?
WS 0aEs 7L PBE JB6  BATE
w GIEF 432 FBS.  JBS  BATS
Aoe 3T 433 PR4  JB4  BAT4
9iB TIFF 434 PBS  1B?  BATY
\ A0 5205 a5 PB2 B2 BATA
. BICF 3407 436 PEL  JB1  BATLL D-7
‘ ! ALt 1209 4i7 PR JBG  BATAL

C e et o e e 1
i . PRI GRS N FYS .




ERLT

edb

4] m:l

A

il

eyl

s

3419

nr

i

T

ar

bl

oAk

an

M

1408
2405

Lo

RF
-4k
o f

T

el
Wl

Vel

I

sen

UFi-dl HRCRO ASSEMe ER.

4.5 ik
4oy
440 BAT.L e
41 BRTLL W
442 BATBL  THF
443

494 FEY san
445 R0y
4dn kL

7 FETR
du

a4 BATT DEC

459 bEn

451 DEL

452 Mo

452 iwe

§54

350 peie TED

45, v

457 A
. MY

453 cALL
&4 Inp

461

42 BRATR MOV

JRl )

drd Moy

s CRLL
45F IMP

67

4nG BATY MO

A HOT:

47a Y

471 CRLL
472 M

R
4RI MY
475 AL

47e Moy
477 CALL
475 e

498 BRTS Moy
471 ALK
4z MY
45" ALl
484 ™

426 BATL INC
457 INC
488 INC

“ INC
CR P

4492 EATA N

Hln PRE 3

TRUEMENT

Foo TR X

TRRF

BATE
Ty
BATw
FEL

R.P&
PEQ

R?

P




Vel WS4 UPT-41 MACRD RSSEMBLER. V2. @ PAGE 10
MUY 3 SER SURCE STRTEMENT
o gk 433 MR
494
495
w21 FF 496 TRAMP- MOV A7
497
498 : Filk FURTHER AMPLITUDE CONTRIL R7 IS NOW TESTED
497
4:18 FLiE 560 B7  BEA
BIIR DIIS Sat TRPL  1B5  BEB
@210 L2 sa2 TR
583
821E (E Sed4 BEA-  DEC R
BeAF S537F 595 ANL R, #87FH i - 1ZBAMSEC
02l 8335 50 ROD R, #54D i+ SBMSEC
8223 441R 587 M TAPL
508
#:25 CE 509 BEB:  DEC  R6
ACIR 2442 510 M TAR
511
512
513 ek ok
514
545 POUTINE T INITIRTE INTERNAL TIMEP & GIVE
516 INITIAL LAUNCH EXPLOSION
517
518
iR G 519 DRAGON. STFT T
520
W4 521 NOVX R @R (START TINER
522
Hoin Y96F 523 AL PL#86FH
1 AIT ERy 524 ORL P4 #090H s RESET #55°S
; 525
: 22k IROF 526 ANL P2 #BDFH S SELECT NO. 1
L 527
; 528 , LORD  PSis #4
! - 529
530
{ 3230 E82A 531 WY RO, #8260
b 232 5FC0 532 WV R7. 93000 [BPNG ON CHANMELS A.B & 0 OF PSBNL
: 532
v 4 5438 514 CALL  LOORAM
) 535
: 0226 7400 SF CALL  LOADPL
nJ¥4
. WIla BHB 538 ORL P2, #e3oM ; TRI-STATE
NGRS 540 RETR
541
. WB W S42 LODRAM. MY R M350
W23l AR 543 WY ARO,A iR@
02 1% 544 N R
W F L Tal 45 NV R M5O
) 4 Beal i 546, wY A Rl
: b4 A2 1v 547 I FRB
IR - S S A ST S Oe ST




O

S e

Winir

- g

SEh

e

2wl

Al

Meer T

CN
Aeri

TP

i

9
4471
i

TomeE

54

37

w7t

578
S74
954
Sui
She

L
6

NS m

»,
niEl~41 MACRD ASSEMELEF. V2 @ PRGE 11
A

SIWIRCE STRTZMENT

Pl A #1350 .
nay wFa. R Re

INC ¥

PV F- #15G

Moy B3, R R:

INC Fi

0 . #1350

MK A, A R

TN fe !
MY F. #154 {
My AR 5 !
TNC 9

Miiy H#370

MY P, 149

INC wa

MY HE

oy . A F

INC Fa

I A, #2u0

HOV AL pg

INC ]

Mow A Fa

INC Fa

MO R iR10

INC Fia

MG A BFFH

o 8. A R

INC L

MOV . 8677

MOV 9. R iR12

INC Fa

TR A

MY A, A P13

FOTR .

L W AN AR KA 200 KRR AR KA KR K

554
5

6 -

587
S&3
Sg4
540
5%
54
593
594
595
sa7
9%,
1%
5g)
L)1
608

LHEHF M
MOV
vis

BRAvE  NT
i

CORGF MR

S8 SRR ORI WROE R 8 XA KK
THIS ROUTINE PPODUCES A [OUBLE EXPLOSION WHEN MISSILE
HAS MISSED THE TAPGET
(WOEx  ANL P2. #OEFH . GELECT PSG &2

THIS ROUTINE WAITS FOR R SYSTEM RESET TO START A NEM FLIGHT.

ﬁ' '8
PSK, A
[
LOKOF
BRAVE
INIY




Tmofl -

P
weih

27t
4280

232

)
n2an

1285
WZER

wIan

o)

Bt

azhe
vf2
)
HZRn
AZAZ
azmR

Aoy

nrnt

1]
qan
Blwe2
HY

A7F
95
BSa

BFA

MR
7497
T

L BRFF

146F

LSS

2 85

8 )
447E

SHIA

8 Qaei

g

§

HEF

337F
B0
B0

EFC=

‘E
7492
qel

ATy

w &l bokt

w2

bt

SE

6
)
£@5
76
567
fas
689 (AKET
610
611
612
613
614
515
516
617
618
£19
)
621
622
623
624
£25
B2
627 JIERT
628
529
529
831

Ao R L-d1 MRCRO RSSEMBLER. vz @

SOURLE STHTEMENT

CHLL

MoV

CLR

ANL
URL
Hoy
MY
CHLL
CALL
CALL

JFL
cPL
DEC
W

ORL

v

TSTRAS
RS 42
F1

PL, #47FN
P1. #8864

R, $43BH
R7, 92410
LODRAM
HITAMP
LoaDP2

F2, $OFFH

DALRY

TIERT

F1

s

LARET
F2, $930H

CRKAP

i CALL DELRY AND RHPLITUDE

:LOOP COUNTER FOR AP DECAY

RESET P30 42

+MISS ON CHANNEL B & C QNLY PSGR2)

» TRI-STRTE

€32
632
rid .

L%

ni6
637 HITEX
628
o
540
541 KRKOT
642
643
44
€45
646
647
648
649
650
A5
€52
654
653
636
557

THIS POUTINE PRODUCES A TRIPLE EXPLOSION WHEN MISSILE
HITS THE TARGET.

Moy

CALL

ORL
nov

TALL

CALL

3
CALL

k5, 42
TSTRAS
P2, $OEFR

P1, %07FH
P1, #8864

RO, #8364
F7. #3110

LODRFM
RITANF
LOARDP2
P2, 8939

RZ, #OFFH
DALAY

-LOOP COUNTER
CALL DELAY AND AMPLITUDE

3 SELECT PSG 42

RESET PSG #2

JHIT ON CHANNEL B & C ONLY (PSG#2:




Palamhe T s E -4 MRCRO ASSEMBLER. 02 9 FAE A3
P iR g SOURCE STRTEMENT
Alkd Bl St CINZ PO KRKOT -
achr el orﬁ THF CRbAF
nel
3 N
B3+ RN SR LK KRR RO RO A SRR K
nhd
BhY THIS POUTINE PRODUCES A SOUND SIMULATING THE IGNITION OF & ‘

3 SIDE POCKET THRUSTER PRIR.

whe e REE ROPDP AL TSTR4S
569

g < o7 ANC £, #acFH
HIRD amn o7l aPL 1, #0gaH FESET PSG #2

Aok WEr LYK AL F2. $HEFH - SELECT FSG %2

A L e M- R LR
wet o TN L e A #1550
e Y " Wy "R, A ]

SRR ) o INC ]
% 2360 67 Hiy A, #156

LFN
82is € Wi Re.H gk

s e 581 N ]

A (S 532 MY ~ #1350

oLl W (S My 8, A F2
; . RFANUISY 554 Thet M

ale o nES B . #150
Azl " il [0 ar, A PR3

201 1 NG Ra
M 2R 66% MY A, #1350
Aclnb A g2a Mo 9.8
nalf - 599 N fa
e 33} Mo A #150
AzlA £92 MG R0, A RS
W9 16 £33 NG o]
. T £54 MO A 8270
Aol <35 MOy R2. A PR
; w12 %6 INC (5]
I azbE TFR €97 MoV A, #3660
WZEQ AR 635 MoV @R9, A B7 CHANNEL fi ONLY ¢PSGA2)
: aEl 18 659 INC re
' kS 2710 I MOV A, #O10H
' 9zE4 ) 781 WY 9. A k8
0 E9 15 782 INC ke
AZER P 703 MOV N P9
WET 1® 7ed ING e
WZEE 765 M @R, A ipLe
niEs Ik 3 N )
AZER AL AH Mov f, #6140
RO o Mav ere. A P14
BV IUNT R INC v3
Wttt v N MOV £ 430
WFa A it MOV 8. A P12 D-12
¢ CHS I e N 2]

P4

AL




i o a=dRA0F[-41 MACRD RSSEMBLER. Y2 @ FRGE 14
L noe SEo SIJURCE STRTEMENT 1
aFs 2" B LLR ]
CFL m T4 LY 9. 7 PP
s
1R Jddn 716 TALL FUFRIYP
WeFn 7425 Y X, 1 LOROPS
iz
deb o ERIR 712 UL P2, #8304
7in
W b F Uil MOy 9. #82FH
Wil o e Moy A. BRY
L) 72 DEC A
Akt Al 724 MV #Ra. A
729
OFF 93 726 RETF
Tet =
729 . wer % ’
730 ’
RS SUBROUITINE TO LORD PSG#L FROM MEMORY LOCATIONS
T 20H TO ZDH CORRESPONDING TO REGISTERS 8 TD 13 OF PSGML.
F52
v 734 LORDFL - ANL P2, $97FH
735
WA 736 SEL RE
W95 B9 737 v R1. #626H
w385 o 738 Moy Rz, 80
waT EEVE 729 MOV "3, #140
i 748
wias 7dih 741 TRCKO  CALL  LADPL
A368 Eit T42 DINZ  R3.THERE
X, O 743 ORL P2, #0344
wighk B30 744 MO R1. #320H
Wil 27 745 CLF H
#5312 AL 748 Wity #®41.8
A543 14 747 INC Pt
w314 A1 748 Wiy 1A
749
A% A 75 RETR
71
aile 13 752 THERE  INC 3}
a:17 1A 792 INC Rz
7> 15 R4a 754 we TRCKO
759
) 3R 3309 79 LNOFL ORL P1, #8204
U | n Mav A R2
E iiL0 A 798 MY 8RB, A
] @>1E S9F 799 AL P1. #0DFH
iz ry 76 nov A oR1
iy W 761 MOVX  @R@.A
Wide ¥ 762 RETR
X
1 Trs
TES . KERA AR ¢
“RR D-13
-y SUBROUTINE TO LOAD PSGR2 FROM MEMORY LOCATIONS




CorheTE MUS-4D T FT-41 MACPD RSSEMBLER. Y2 2 PAGE 15
-~
L NEd ER SOURCE STRTEMENT
78 . 30 T 30 COPRESFONDING T REGISTERS @ 1o 14 OF Poie2 <« -
7%
ALED WY z;g LOADP:  ANL 1. #9F7H
771

Wicl 73 B, L RB@ T
wilh BB 7 MV RL #93H
MOV

W22 B 774 F2. 49

WiJH BRYE 7 Moy R3 4D 3
Nl

ol e T 777 LAPOR. CALL  LADP2

gt fell B DINZ K3, HERE

W2 ot Bk ORL P4, #88H
758

Wi W 731 RETP
iR -

CEERER L 733 HEFE INC k1
T34 iA 754 INC RZ
G -C ¥ 785 ¥ LAFDR
786
wLE 54w 787 LADRZ. ORL 1. #3dRH
w3 R 7HB v Ak
W TR 789 Kavr  eRe R
CE R 7 FANL P1. #3BFH
il Fy 9 My fi, BRL
ALIE 792 HOVK  #RO.A
WoIF 79; RETR
794

! 795
: TG . ek Rk AR AR x AR ARNOKR KRR KA K ok
74
23 | DECGLE FEGISTEF #¢ T0 DETERMINE PROPER AMPLITUDE FOR A
739 . THRUSTEF ROCKET SOUND 4 OF 12 POSSIBLE AMPLITIDES DECAVING o
399 . LOGARI THICALLY
: 581 .
g POPRF & #Em }
T S W RuRe .
a el T 304 AL A WOFH
. wdd o 85 B POPA -
il 5252 306 B2  ROPB A

3 W34 LedE 87 Jea  POPC
: Wik 3BE 2096 MY R 8GESH . R§=2. LBV =2
U SdEE g M CAMPD
wdt Bl ©10 POFL MY A HOBIN Y =4
w0 rdRE 21 m CAMPO
812
4:5¢ 35 %13 ROPE  JBL  ROP[:
o 2w 129 P14 JBe  POPE
A I 815 MOV A AR ; RE=4. LEVEL=S
R RNT 216 ;T 1)
AW 23R U7 FOPE MOV R, BBR2K .S, =5
wW, e dif 212 ™ CAWPD
WISt Lowd X9 YOFD  7B8  ROPF
wirg ZIAL 520 MV A, 89RIH . =6,
7162 RAEE 7| ™ CRWPC
’ Asnd 3 £22 ROPF WM f. MEORH T

"
=~}

[}
o0




CCTE o T-ddURT-4L NACFD ASSENBLER, Y R PAGE 1€
w0 SE SOURCE STRTEMENT
wore et 8l THP CAMPO
324
1ng Some 225 FOPH JBe ROFG
worl T 3en JB1 ROFH
aonl L 37 B8 ROPL
AARE ST 328 MOV A. #894H ; R6=8. LEVEL=%
N AdeE 829 Jue CHRMPO
WoTD 12 830 FOPT. MV A, #892H . l =14
W Te mdat 81 iy CAMPO
asee 1270 gz ROPH.  TBe PRI
w75 23594 333 MoV H, #A9LH . =le. =11
A TR o4Rt 624 i d CAMFO
Oy 2ohE EX5 ROPT Moy O ;o =14, =1z
WTE Rt 238 mF T AMPO
oo lacy el ROFK
winl 1238 K Jpe POPL
SR 24 Y A, $BEaH . Rb=12. LEVEL=LZ
R 244 4 (AR
242 FOPL. MOY A, $ARcH ; =13, =14
o MNP CRMPL
s ROPK MOV A #984H ;o =14.15. =19
45
: Ad6 TAMPO MOVD PSR
y 47 AP A
aee 848 MWD P4.R
Wial 3 849 CHIK-  RETR
By
[ Al
PR RS 2 ¥ K o
952
554 . THIS ROUTINE OFCODES REGISTER P6 T DETERMINE IF THE MISSILE
855 - IS IN THE LOW RANGE (LESS THAN 333 METERS), MID PANGE (333 70
8% . 566 METERSY, OR WIGH PANGE (GREATER THAN 666 METERS).
957
358 . THE AMPLITUDES O 3 SUCCESSIVE EXPLOSTONS ARE 3ET FOR A TARGET
g59 . RIT. R MISSED TRPGET PRODUCES ONLY THE FIPST TWd EXPLOSIONS
- 860
¥332 09 861 HITAMFP  SEL 8%
» wisl FE 862 Nov R R
3 W34 [ HE 867 B3 HADN)
90 SZAL feod JBe HITY
)
., Uk ey g6y, MARY MOV A RS
neay o 267 DEL H
w9H TR 968 e JOHNE i P6=2.3,4.5 ZFD EXPLO  HIGH RANGE
o @id 869 18 "
{ WD RS g0 A JIHNZ ; IND EXPLD
t asF C40L 37 ¥ JORNL ; 16T EXPLO
a2
wanl o et 872 HITU  TR1 HOAX
U AR N 374 P MARY
5%
bom 876 HOH, woy A, RS
. f AT DEC A

Aty rg .. vos ompmmmp— - ¢

D-15




Tal3-11 MOa-dRUF -4l PRCRN ASSEMELER. V2. @ PRGE 17
cw e d €0 COPCE STRTEMENT
HIAT CRD #75 2 TOHNG . Ré=6. .18 IRD EXPLO MID RANGE
SRR 874 DEC f
DIHA R ) krd JOHNZ . N0 EAPLY
@V maly gl B, JOHNL 15T EXFLD
882
WoeE S0 3BT O JB2 HOFE
A0 3ok agd B HADE
0367 BaAS 835 e HiIAA
aSE¢ 12ER £%¢ WADE.  JBW HOPE
HIEC R4AG w37 P HOAX
308
AEnF 839 HOPE MM A, RS
QIS . 29 DEL A
A BR (50D 291 4 JOHN4 . P6=11... .15 GRD EXPLO  LOMW PANGE
WiB( W7 39z DEC A
WD L3 232 12 JOHNZ ; N[ ENFLO
WIEF £4lS 894 W THK2 ) 15T ExPLOD
’ 295
} AL 230F 896 TGHNL MOV A #6FH . SOUMD LEVEL 1 (LOMEST)
AT 0 &a7 MVD  P4.A
A g 3938 RETR
P05 2R #95 JOHNz MOV A, $9EH : SOUND LEVEL 2
7 20 340 MWNVD  P4.R
WICR 93 911 RETR
azc3 20 07 0NN MOV R, #80H i SOUND LEVEL 2
woUE W3 WYD P4 A
WL 9 a4 RETF
;' RO ) 995 JOHNG  MAY fi, #8CH . SOUND LEVEL 4 LIMDEST»
; Wik i 966 MOVD  P4.R
! CRC 97 RETF
| : 9t
945
216
911
91z
912
- 914
4 ENLY
fsF b SYMELS
wE N a7z PNIT 8@ BATR 4745 BRATAL @108 BATL @26F  BATLYL @107  BATZ @207  BAT2L elS .
BATS  olFF  EBRAT4  9IF7  BATS ®AEF  BATE @1E6 BRATT VIF EBEA  @21E  BEB @22  EBITA @ifD
817T) @#1FS BIT2 M BITR  #1% BIT4 @M86  BITS m7E  BIT6 @160 BIT? @A BRAVE 8ITL N
CARF A%l CAKET @27 CAMPD B3%E CHAK  0BR8  CHECK @894  CHIK 8391  COKOP @2 DRLAY  OAEF )
UECODE @BD1  DELAY 28B4 OEXAA @R7  DEYD @ORL  DLY  @aCL DRAGD PBFT  DRAGON @228  DRANG @630 .
. WF  WFS  DUDEX @277  DUDEXL POER  DUDEXO 0188  FLIP OME  GETTA @0AF  HADE G384 HADU  @3FE -
WEt 8772 HEXD  90RB  MITAMP 8292  HITE @182  HITEL @9EE  HITEM @29R  HITU @3RL  HORY &iAs
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